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MICROBIOLOGICAL DEGRADATION OF BILE ACIDS 


XIX. SUPPLEMENTARY STUDIES ON CHOLIC ACID 
DEGRADATION BY STREPTOMYCES RUBESCENS 


By SHOHEI HAYAKAWA*, YASUO SABURI** 
AND HIDEYUKI HOSHIJIMA* 


(From* the Department of Biochemistry, Okayama University Medical S‘chool, 
Okayama, and** First Bacteriological Division, the Institute for 
Infectious Disease, the University of Tokyo, Tokyo) 


(Received for publication, January 8, 1958) 


It is of interest that Streptomyces rubescens is capable of degrading cholic 
acid via an intermediate containing a 4*-ketone structure and a 4*°-3-ketone 
structure respectively. In a previous paper (/), the acids III and IV have 
been isolated as the intermediates containing a 41-3-ketone structure, and 
the acid VI has been isolated as one containing a 4*°-3-ketone. In the 
same paper (/), a possible pathway for the cholic acid degradation by S. 
rubescens has been proposed and discussed on the basis of this result. 

In the present experiment, a new degradation product of cholic acid 
by S. rubescens, 12a-hydroxy-3-0xo4**-choladienic acid (V), was isolated in 
addition to the two acids (IV and VI) out of the above three products 
(ibmVeand VI). 


DiAcRaAM | 
A proposed pathway for cholic acid degradation by S. rubescens. 
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Now it is quite possible that the acid VI, isolated in a previous paper 
(1), may be derived from the acid IV or the acid V, and the acid V, isolated 
in this study, may be derived from the acid III as well as the formation 
of the acid VI from the adid IV. 

Therefore a possible pathway for the cholic acid degradation by S. 
rubescens may be written as shown in Diagram 1. However, it is not yet 
clear whether the acid V is further degraded via an intermediate differed 
from the acid VI or not, and whether the acid V is oxidized to the acid 
VI or not. 

Furthermore it is quite likely that an appearence of a peak at 29)my 
in a cholate culture with S. rubescence, found and discussed in a previous 
paper (J), is due to the formation of both the acids V and VI. 


EXPERIMENTAL 
Cultivation and Isolationof Cholic Acid Metabolites—Sodium cholate (6 g.) was 


ScHEME | 
Fractionation and Isolation of Cholic Acid Metabolites by S. rubescens 


Concentrated culture filtrate 


Acidified (pH, about 3) with dilute HCl and 
extracted with ether (total, 400 ml.). 
| 


| 
Precipitate Water-layer 


| 
After drying, extracted with 
methanol (30 ml.) at 30’. 


| 
Ether-layer 
| 


| 
Crystals Filtrate 


| 
Recrystallized from Concentrated at 


| 
Residue 


Extract | ethyl acetate. below 50°. 
Addition of water Extracted with (3) 
gave pale yellow methanol (100 ml.) 
crystals.' at 50-60’. 
| | Filtrate Crystals 
(1) Addition of water 
gave crystals, Concentrated at Recrystallized from 
below 50°. ethyl acetate 
(2) | | 
| (4) 
Crystals Filtrate 
Recrystallized from Left standing at the 
ethyl acetate. room temperature. 
(5) 
| | 
slg Filtrate 
Recrystallized from ethyl dy 


acetate-petroleum ether, 


(6) 


Figures given in parentheses refer to the each fraction number in Table I. 
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cultivated for 5 days with S. rubescens by a shaking culture and the degrada- 
tion products were isolated by the same method as described in a previous 
paper (J). The outline and summary were shown in Scheme | and Table I. 


TABLE I 
Identification of Cholic Acid Metabolites Obtained from the Fractions in Scheme I 


Characteristics of each fraction 
in Fig, 2 R llized 
: ; ones CO 4 Identified substances 
No. | Yields | m.p. ANS: ) 
(mg.) (°C) (my) 
l 110 208-210 281 _ — Unidentified** 
z 235-242 | 242 240-243 
2 vo (decomp.) 284 ik ai (decomp.) Be 
260-263 Methanol-ethyl | 262-265 Ber 
3 178 (decomp.) 241 acetate (decomp.) 23 
248-251 
4 60 240 7a-Hyd -3,1 
d : a«-Hydroxy-3,12- 
( eome:) Methanol 248-250 dioxo-4‘cholenic 
5 98 243-247 240 (decomp.) idee 
(decomp.) cs 
~ Ethyl acetate- 3,12-Dioxo- J4®- 
6 60 2109 261 petroleum ether ES ON iadienic acideee 
7* ae = = as as = 


* See text for experimental details. 
** A pure compound was not yet obtained. 
*** Analysis Calcd. for Co,H.,0;: C, 71.59; H, 8.51. Found: C, 71.61; H, 8. 59. 
**#** A satisfactory analytical data was not obtained. However the identity as 
this acid was confirmed by mixed m.p. test and infrared comparison. 


Chromatographic Separation of Methyl 12a-Hydroxy-3-ox0-4'-choladienate and 
Methyl 3,12-Dioxo-5**-choladienate—Fraction No. 7 in Scheme | was esterified 
_with diazomethane by the usual manner. ‘The ester was dissolved in a small 
volume of ether and the ether solution was poured onto 15g. of an active 
alumina (Wako, 200 mesh) column of dimensions 80 x20 mm. 

Five elutions (fraction 1-5) with 30 ml. of ether, one elution (fraction 6) 
with 30 ml. of acetone and one elution (fraction 7) with 30 ml. of methanol — 
were obtained. 

Fraction | and.5 gave no residue after evaporation of ether. Fraction 
2 afforded 40 mg. of pale yellow needles with m.p. 172-175° after concentra- 
tion of ether. Recrystallization from ethyl acetate gave almole colorless 
prisms with m.p. 174-176°. The identity of this ester with methyl 3,12-dioxo- 
4-*-*-choladienate:(2) was demonstrated by mixed melting point determina- 
tion and infrared comparison. 

Analysis Caled for CosH3.O, : C, 75.34; H, 8.60 
Found: C, 75.30; H, 8.48 

Fraction 3 was treated by the same method as described for the above 

fraction 2 and afforded 30mg. of pale yellow needles witn m.p. 183-184°. 
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Repeated recrystallizalion from methanol gave colorless prisms with m.p. 
184-185.5°. The characterization of this ester as methyl 12a-hydroxy-3-oxo- 
J**-choladienate (2) was confirmed by mixed melting point determination 
and infrared comparison. 
Analysis Calcd. for CxsH3¢O, : C, 74.96; H, 9.06 
Found : GC, 74:92 7 Bs9.02 
Fraction 4,6 and 7 gave an oily mass after evaporation of the solvents, 
so these fractions were not subjected to the further treatments. 


SUMMARY 


In addition to the three degradation products (acids III], IV and VI) 
of cholic acid by §. rubescens, isolated in a previous paper (J), 12a-hydroxy- 
3-oxo-4"®-choladienic acid (V) was isolated as its methyl ester in the present 
experiment. : 

‘Considering the sturctures of these intermediates, a degradation pathway 
of cholic acid, proposed in a pervious papee (J), was reproduced as seen in 
Scheme l. 
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BIOCHEMICAL STUDIES ON THE FORMATION 
OF THE SILKPROTEIN 


V. CONVERSION OF GLYOXYLIC ACID TO GLYCINE 
IN THE SILKWORM LARVA 


By TOSHIFUMI FUKUDA AnD TOSHIO HAYASHI . . 


(From the Sericultural Experiment Station, Tokyo) 


(Received publication, January 28, 1958) 


Biosynthesis of glycine by transamination of glyoxylic acid and amino 
acids has been recognized in the liver of rats by Meister et al. (1), in 
the intact rat by Weinhouse ét al. (2), in tobacoo leaves by Wilson 
et al. (3) and in cell free extracts of a Pseudomonas by Campbell (4). 
Wright (5) clarified that glyoxylic acid could be used as effectivelly as 
glycine for the growth of a Neurospora mutant which specifically requires 
glycine. These observations seem to suggest that the transminase reaction 
involving glyoxylic acid is widespread in nature. 

In the silkworm, Kirimura (6) concluded from a quantitative study 
that the glycine in the silkworm must be partly synthesized by this insect 
itself as its amount in mulberry leaves which were actually disgested by 
the insect does not account for the higher content of this amino acid in 
the cocoon fibres. .Recently Koide et al. (7) clarified that glycine was 
synthesized by transaminase reaction between glyoxylic acid and amino 
acids in the alimentary canal of the silkworm. As a large quantity of 
glycine (33.6 per cent.) is contained in the silkproteins, the finding of 
precursors of glycine synthesis in the silkworm body seems to be of special 
importance in relation to the silk production of silkworm. 

The present study was carried out to clarify whether glyoxylic acid is 
one of precursors of glycine synthesis in the silkworm. In the present study 
glyoxylic acid was isolated from the body fluid, and then it was elucidated 
that glycine was synthesized by transamination of glyoxylic acid and amino 
acids in the silkgland-cell of the silkworm. 


EXPERIMENTAL 


Isolation of Glyoxylic Acid from the Body Fluid—About 1.2 liter of the body fluid obtained 
from about 4,000 worms at the 3rd or the 4th day of the Sth instar, Si 108,. were added 
107,20 liters of 70 per cent ethanol solution* of 2,4-dinitrophenylhydrazine in concentrated 
H.SO, and the mixture were concentrated to about 500 ml. under reduced pressure. After 


* 1g, of 2,4-dinitrophenylhydrazine was dissolved in 3 ml. of concentrated sulfuric acid 
and then the solution was added. to 15 ml. of ethanol. 
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standing a week, the mixture was filtrated. The precipitate was dissolved in ethyl acetate. 
The filtrate was adjusted to approximately pH 1 with 10N sodium hydroxide and the 
hydrazones and hydrazine were extracted with ethyl acetate. The two ethyl acetate 
solutions were next extracted with successive portions of alkaline Na,HPOy, solution, first 
saturated, then Af/15. The Na,HPO, extracts were adjusted to approximately pH 1 with 
10.N HCl, and the mixture of hydrazones and accompanying impurity of hydrazine were 
taken up once more in ethyl acetate. The solution of hydrazones in ethyl acetate was 
distilled off in vacuo at about 20°, leaving an oily orange residue. The residue was 
dissolved in saturated Na;CO and precipitated by the addition of 10 N HCl. The product 
was recrystallized from ethyl acetate and then from ether by the addition of light petroleum. 
It was dried in vacuo over CaCl, at room temperature. The yield was 8 mg, 

Transaminase Reaction Involving Glyoxylic Acid—a) Enzyme Preparations: The posterior 
division including silk-substances and the middie division except silk-substances of the 
silkglands obtained from one hundred worms at the 6th day of the Sth instar, Nichi 122 
XX Si 115, were respectively washed with cold water and suspended in Britton- 
Robinson’s phosphate buffer, pH, 9.4 and homogenized. Each homogenate was 
placed for 5 hours at 0% and then kept frozen at —18° overnight. The insoluble proteins 
obtained by thawing the ice at room temperature were discarded and the supernatant 
solution was used as an enzyme solution for this experiment. 6) Substances: Glyoxylic 
acid was prepared as the potassium salt by the method of Doe bner (@) and its purity was 
ascertained according to the procedure described by Clift e¢ al. (9). On the other hand, 
the purity of the following 14 amino acids was checked by paper chromatography: L- 
alanine, L-arginine, L-aspartic acid, L-cystine, L-glutamic acid, L-histidine, L-leucine, DL- 
serine, DL-threonine, L-tryptophan L-tyrosine and DL-valine. The occurrence of these amino 
acids in the silkworm body has already been elucidated, except cystine (J0, JJ). The 
solution of glyoxylic acid and amino acids were, immediately prior to use, made in 0.05 M@ 
phosphate buffer, pH 9.4, at a concentration of 200 4M per ml. and 504M per ml. with 
respect to the L-form. c) Incubation Conditions: To 1 ml. of each enzyme solution were 
added 0.5 ml. of the glyoxylic acid solution and 1 ml. of the amino acid solution, and: this 
mixture was incubated for 60 minutes at 38°. The reaction was stopped by adding 200 mg. 
of trichloracetic acid. The filtrate was used for the determination of glycine formed. 
d) De.ermination of Glycine: The concentration of the glycine formed in the reaction mixture 
was estimated with the procedure described by Giri (12, 13), 


RESULTS 


The yellow compound obtained from the body fluid of the silkworm 
was dissolved in the 44/100 phosphate buffer, pH 7.2 and this solution was 
analysed by means of paper chromatography, using -butanel saturated 
with water. Two yellow spots were revealed on the chromatogram and 
their Ry values were 0.24 and 0.38 which agreed with those of authentic 
specimen of glyoxylic acid hydrazone. The appearance of two spots on the 
chromatogram of glyoxylic acid 2,4-dinitrophenylhydrazone is, as pointed 
out in the previous paper (/4), due to the isomerisation of the molecule of 
the phenylhydrazone itself, which has a double bond between C and N, and 
which therefore may undergo a cis-trans isomerisation. 

The yellow compound located at the position of Ry 0.24 on the chro- 
matogram was eluted with M/100 phosphate buffer, pH 7.2 (A) or 1.25 N 
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sodium hydroxide (B), and the absorption spectra of the yellow or the red 
solution obtained were determined with Beckmann Spectrophotometer in 
the visible region of the spectrum (Fig. 1). The maximum absorption peak 
lay at 366-369 mp in the case of (A) and 446-448 my in the case of (B) 
which agreed with those of the yellow compound located at the correspond- 
ing position of the chromatogram of authentic specimen of glyoxylic acid 
hydrazone. The absorption spectra of the yellow compound located at the 
position of R; 0.38 on the chromatogram agreed also with those of the yellow 
compound located at the corresponding position of the chromatogram of 
authentic specimen of glyoxylic acid hydrazone. 


: a 


0.5 
> 04 
Ww 
ra 
w o3 
a 
<< 
S 0.2 
ie 
a 
°o 
0.1 
° 
ZOO 340 380 420 460 500 540 580 620 
WAVE LENGTH (mu) 
Fic. 1. Absorption spectra of 2,4-dinitrophenylhydrazone 


of glyoxylic acid. —@—, dissolved in !/100 phosphate buffer 
(pH 7.2), —O—, dissolved in 1.25 N NaOH. 


TABLE I 
Identification of Glyoxylic Acid 


as : Optical densities Ratio of optical densities 
2,4-Dinitro- Deas 
? ug./ml. | at maximum ab- 

phenylhydrazones sorption peak 400:440 | 400:520 | 420:520 
a-Ketoglutaric acid | 5-14 »209=.725 0.88-0.97 | 1.57-1.69 | 1.84-1.86 
Oxalacetic acid 5-14 + 203-.624 0.60-0.76 | 0.86-1.17 | 1.20-1.41 
Glyoxylic acid 5-14 .070-.331 0.42-0.56 | 0.85-1.16 | 1.41-1.62 
Pyruvic acid 5-14 .371-.846 0.54-0.63 | 0.83-0.97 | 1.26-1.34 

Experimental 247 0.56 1.10 1.50 


In Table I are presented representative ratios of the absorption spectra 
of several known keto acids and that of the experimental. The ratios of 
the unknown were nearest to values obtained with glyoxylic acid hydrazone. 

The yellow compound obtained from the body fluid 

Found : N 21.98 per cent 
Calcd. for CsH,O,N,: N 22.05 per cent 
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These results seem to suggest that the yellow compound obtained from 
the body fluid of the silkworm is 2,4-dinitrophenylhydrazone of glyoxylic 
acid. 

A summary on the transaminase activities involving glyoxylic acid in 
the posterior division and in the middle division of the silkgland-cell is 
presented in Table II which shows the approximate amount of transamina- 
tion as expressed in micromoles of glycine formed per 100mg. of the fresh 
tissues. In the posterior division of the silkgland, it is especially worthy of 


TABLE II 
Transaminase Activity of the Silkgland 


Micromoles of glycine formed 


Amino acids 
Posterior division Middle division 


L-Alanine 30 
L-Arginine 


— 
ow 


L-Aspartic acid 
L-Cystine 
L-Glutamic acid 
L-Histidine 
L-Leucine 
DL-Methionine 


_ 


rowooc$c’cr Ow © 


L-Phenylalanine 
DL-Serine 
DL-Threonine — 
L-Tryptophan 
L-Tyrosine 
DL-Valine 


Se © Stele (Oo oS OC eS it 


The reaction mixture contained 1 ml. of enzyme solution prepared re- 
spectively from the posterior division and the middle division of the 
silkgland, 100 uM glyoxylate and 50 4M amino acids. Total volume 2.5 ml. 
Incubation time | hour at 38°. 


note that glyoxylic acid—alanine transaminase is remarkably active, and 
glyoxylic acid—glutamic acid or glyoxylic acid—aspartic acid transaminases 
come next. On the contrary, in the middle division of the silkgland, the 
activities of the transaminase involving glyoxylic acid are very “weak. 
Recently Nakada et al. (15) pointed out a phenomenon that glycine was 
also formed non-enzymatically from glyoxylic acid in the presence of amino 
acids. However, in such case that the enzyme solution was removed from 
the reaction mixture mentioned in the experimental section, the amount of 
glycine formed was always less than | yw, as shown in Table III, and was 
within the range of the measuring error. optimum pH of the transaminase 
reaction involving glyoxylic acid in the posterior division of the silkgland 
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TABLE III 


Enzymatic or Non-Enzymatic Conversion of Glyoxylic Acid to 
Glycine in the Presence of Amino Ac.d 


’ Amounts of glycine formed (uM 
Amino acid added 


In the reaction added the in the reaction without 
enzyme solution* added the enzyme solution 
Alanine 40 0.4 
Glutamic acid 15 0.3 
Aspartic acid 9 0.3 


* The reaction mixture contained I ml. of the enzyme solution prepared from 
the posterior division of the silkglands, 50 uM L-alanine, and 50 uM glyoxylate. Total 
volume, 3ml. Incubation time, 1 hour at 38°. 


TasLe IV 
Relation between pH and Glyoxylic Acid—Alanine Transaminase Activity 


pH | 7.0| 7.4] 7.6| 8.2| 8.6 9.0 9.4 9.6| 9.9 | 10.5 


43.1 42 


Amounts of 


glycine formed ge 


UOC Sou 27. Sule 26.10 |e Sze 


The reaction mixture contained | ml. of the enzyme solution prepared from the 
posterior division of the silkglands, 50 uM L-alanine and 504M glyoxylate. Total 
volume, 3ml. Incubation time, | hour at 38°. Amounts of glycine formed are 


expressed in uM. 


was, as shown in Table IV, 9.4, being remarkably different from the value 
(optimum pH 7) which has been obtained in the tissues of higher animals. 
The phenomenon that the optimum pH of the transaminase reaction 
involving glyoxylic acid in the silkworm is 9.4 and lies in alkali side, is 
recently recognized also by Koide eé al. (7) in the alimentary canal. 


DISCUSSION 


In the previous paper (/4), it was clarified by paper chromatography 
that there were glyoxylic, a-ketoglutaric, oxalacetic and acetoacetic acid in 
the silkworm and especially glyoxylic acid had the highest concentration 
among these keto-acids in the body fluid and the silkgland: 30-50 mg. per 
dl. in the body fluid and 1-4 mg. per one hundred worms in the silkgland 
of the 5th instar. In the present experiment, glyoxylic acid was really 
isolated as its 2,4-dinitrophenylhydrazone from the body fluid of the silkworm 
larvae. Therefore, there will be no doubt about the occurrence of glyoxylic 
acid in the silkworm body. Also it was elucidated in the present paper 
that glycine was synthesized from glyoxylic acid by the transaminase, 
especially glyoxylic acid—alanine, next glutamic acid and aspartic acid 
transaminase in the posterior division of the silkgland. These findings seem 
to suggest that glyoxylic acid is one of the main precursors of the glycine 
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synthesis in the silkworm. 

Our observation that the transaminase involving glyoxylic acid in the 
posterior division is more active than that in the middle division may be 
of interest in relation to the fact (/6) that posterior division of the silkgland 
is an organ for synthesis of fibroin containing a large quantity of glycine 
(42.8 per cent.) and the middle division is an organ for synthesis of sericin 
containing a small quantity of glycine (8.6 per cent.). 


SUMMARY 


1) The present work was carried out to examine whether glyoxylic 
acid is one of the main precursors of glycine synthesis in the silkworm. 

2) Glyoxylic acid was isolated as its 2,4-dinitrophenylhydrazone from 
the body fluid of the silkworm larvae. 

3) Glycine was synthesized from glyoxylic acid in the presence of 
amino acids, such as alanine, glutamic acid and aspartic acid, in the 
posterior division of the silkglands. 

4) The transaminase involving glyoxylic acid in the posterior division 
of the silkgland was more active than that in the middle division. 

5) The optimum pH of the transaminase involving glyoxylic acid was 
9.4 and lay in alkali side. 

6) These facts seem to suggest that the conversion of glyoxylic acid to 
glycine in the silkworm larva is of special importance in the synthesis of 
the glycine of the silk. 
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(From the Department of Biochzmistry, National Institute 
of Healih, Toko, Japan) 


(Received for publication, January 14, 1958) 


It was from the lipides of tubercle bacilli that inositol was found for 
the first time as a component of lipides in nature (/). Since then inositol 
phosphatides have been found in animal as well as in plant kingdoms, and 
the recent investigations of purification, characterization and metabolism of 
inositol phosphatides have been very extensive and remarkable (2, 3). As 
for tubercle bacilli, however, the study of inositol lipides was entirely con- 
centrated on the so-called phosphatide fraction. Thus Anderson, in 
1930, showed inositol to be one constituent of phosphatides in tubercle 
bacilli (2) and gave evidence that it is in the bound form with polysaccharide 
(4, 5). Recently, Lederer showed further evidence that Phosphatide of 
both H37 Ro (streptomycin resistant) and BCG consist mainly of phosphatidyl- 
mannoinositose (6, 7). On the other hand, content and behaviour of 
inositol in other fractions of lipides from tubercle bacilli have scarcely been 
considered. 

The present work was undertaken to determine the inositol content in 
various fractions of lipides from BCG by the microbiological assay using 
Saccaromyces carlsbergensis. Contrary to our expectation, a great amount of 
inositol was found in the fraction of Wax D as well as in Phosphatide 
fraction. 


MATERIALS AWD METHODS 


Microorganisms—The stock strain of BCG and Aoyaina B, a human virulent Mycobacterium 
tuberculosis, supplied from the Department of Tuberculosis, National Institute of Health, 
Tokyo, were used in this work. 

Culture—(i) BCG: After surface culture was made in Sauton’s medium for 4 weeks, 
pellicles were filtered off, washed with water and promptly subjected to lyophilization. 
(ii) Aoyama B: Eight weeks culture in Sauton’s medium for tuberculin production 
was used after autoclaving at 120° for 20 minutes followed by drying at 60°. 

Other procedures for solvent extraction and fractionation of extracts from the bacterial 
cells were given in details by Asselineau (8) and Tsumita (9). Scheme 1 shows 
the extraction process, 

Phosphorus was determined by Allen (0). 

Nitrogen was determined by micro-K jeldah1 method and sometimes by Nessleriza- 


tion using Conway ’s microdiffusion method. 
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SCHEME | 
Extraction and Fractionation of the Lipides from BCG 
Lyophilized BCG 
| alcohol-ether (1°: 1) 


Bacterial Extract 
residue | ether-water 
| chloroform oak cs ake Call 
| Water Ether 
Residue Extract soluble soluble 
| +methanol --acetone 
| 
Precipitate Filtrate Precipitate Filtrate 
| hot acetone : | hot acetone : 
| Pd i ned “oa : 
Insoluble Soluble : Insoluble Soluble : 
| Wax D | | Wax C | | Wax B | [Phosphatide| | Wax A | | Fat i 


Estimation of Inositol—This was estimated by the microbiological assay with Saccharomyces 
carlsbergensis ATCC 9080 Strain No. 4228). The method was based on that of Atkin, 
Schulz, Williams and Frey (J//) (see also (J2)). Incubation was for 18 hours at 
30° in 12x 100 mm. tubes containing 2 ml. of medium: the tubes were incubated in a slope 
position to increase aeration. Growth was measured turbidimetrically with Coleman’s 
spectrophotometer. Inositol could be assayed by this method from 0.1 ug to 1.25 yg with 
an accuracy of -£5 per cent. 

Preparation of Sample for Inositol Assay—Samples (usually 10mg) were hydrolyzed by 
refluxing for 40 hours in 6N HCl. The hydrolysate was evaporated to dryness in vacuo 
and the residue was dissolved in water, filtered, diluted in an appropriate concentration, 
and neutralized with a small amount of NaHCO. 

Papzrchromatography for Carbohydrate—This was performed on filter paper (Whatman No. 1) 
at room temperature. The following solvent systems were used: pyridine-n-butanol-water 
(2:3: 1.5) in case of ascending and ethylacetate-acetic acid-water (3: 3:1) in case of descend- 
ing. The spray reagents were aniline oxalate and ammoniacal silver nitrate (/3). 


RESULTS 


Content of Phosphorus, Nitrogen and Inositol in Fractions of Lipides from BCG 
and Aoyama B—In the case of BCG it is shown from Table I that the content 
of inositol in both fractions of Phosphatide and Wax D. was higher than 
in any other fractions. Phosphorus content in Phosphatide was almost the 
same amount as that in Phosphatide obtained by Asselineau (2.4 per 
cent), whereas that in Wax D of the present preparation was higher than 
his (0.20 per cent) (8). Similarly, in the case of Aoyama B, the results of 
which were shown as a control in Table II, inositol content. in Phosphatide 
and Wax D is also higher than any other fractions. However, phosphorus 
(1.6 per cent) as well as inositol (0.60 per cent) content in the Phosphatide 
fraction of Aoyama B is lower than those of BCG. 


LIPIDES FROM BCG 


TABLE I 


Several Analytical Data of Various Fractions of Lipides from BCG 


5 Te 


——— 


Fat Wax A Seelaite WiaxeB is! Wars | Wax D 
— 2 € a 
12 (BS 0.0 0.0 Dis) — 0.0 0.80 
N (2% 0.13 0.0 0.50 0.0 0.0 <0.2 
Inositol (23) 0.05 — 2.79 0.42 0.0 3.18 
Yield (2) 12.0 5.0 0.5 So) 3.0 155 
Yield is expressed in precentage as calculated from lyophilized cells. 
TaBLe II 
Several Analytical Data of Various Fractions of Lipides from Aoyama B 
Fat Wax A_ |Phosphatide} Wax G Wax D 
P (%) 0.0 1.6 0.09 0.0 0.76 
N (%) 0.32 0.65 0.12 0.02 0.2 
Inositol (%) 0.0 0.60 0.08 0.0 5) 
Yield (2) 0.8 2.0 On, 3.9 
‘ Taste III 
Extraction Step of BCG by Alcohol-Ether and Chloroform 
Solvent No. of Days for Yields 
< extraction extraction (g) 
1 3 2.60 
z 6 1.03 
Alcohol-ether 83 8 0.40 
4 5 On25 
5 6 0.13 
. 6 3 0.67 
Chloroform 7 8 0.04 


22g. lyophilized BCG was subjected to extraction. 


From the above experiments it may well be said that inositol lipides 
were involved in Wax D from BCG in amounts comparable to those in 


Phosphatide. 


However, since Phosphatides are the components of the 


alcohol-ether extracts which are least readily extractable by this mixture 
of solvents, extraction of another lot of BCG was carried out. 

In this case, carefully lyophilized bacterial cells were extracted with 
alcohol-ether repeatedly and exhaustively until only a small amount of 
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lipides (about 4 per cent of total alcohol-ether extract) was extracted by 
these solvents and finally placed in chloroform. The yield of Wax D on 
each step of extractions is shown in Table III. This preparation of Wax 
D showed a yield of 0.8 per cent of dried cells and the content of phosphorus 
and of inositol was 0.82 per cent and 2.91 per cent, respectively. 

The above experiments show the following two facts: first it means that 
the reproducibility of extraction procedures was very high. Secondly, in 
the bacterial cells of lyophilized BCG, inositol lipides fraction which could 
not be extracted by alcohol-ether was present and could be extracted only 
by chloroform. 

The Isolation of Inositol in Wax D—In order to confirm the analytical 
data shown above, isolation of inositol in Wax D was carried out. 1.0g. of 
Wax D suspended in 60 ml. of 6 N HCl and refluxed for 37 hours in an oil 
bath, After cooling 25 mg of crystalline inositol was s isolated according to 
the procedures shown in Scheme 2, 


SCHEME 2 
Hydrolysis of Wax D frem BCG by HCl 
Ig. of Wax D from BCG was refluxed with 60 ml, of N HCI for 37 hours. 


ge eee 
Precipitate Filtrate 
elution with evaporated under 
ether reduced pressure 
| Yellow oily solid 210 mg. 
Charcoal like White powder (strong positive Scherer 
substance 640 mg. reaction) 


60 mg. | dissolved in water, 


| shaken with ether 


| | 
Ethereal solution Aqueous solution 
Dowex 2 (OH™ cycle) 
IR-120 (H* cycle) 
concentrated 


Oily solid 60 mg. 


dissolved in small 
quantity of water, 
added anhydrous 
alcohol in 
refrigerator 


Crytalline Compound 
m.p. 215-217 


Cc H 
Caled. for CsH,.O,: 40.0 6.67 (%) 
Found: 39.49 6.70 (2%) 


500 mg. Wax D was dissoived in 50 ml. of ether and the ethereal solution 
was shaken with 100 ml. of water for 10 hours at room temperature. The 
resulting aqueous solution gave a negligible residue which did not show 
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Scherer test. Thus, inositol was proved to be chemically combining with 
lipides in Wax D from BCG. 

Examination of Other Components i1 Wax D—The results of alkaline hydrolysis 
of Wax D are shown in Scheme 3. 500mg. Wax D was dissolved in 5ml. 
of benzene and 5ml. of 5 per cent of methanolic KOH was added. After 
refluxing for 4 hours on water bath, ether and water were added to give 
two layers, each of which was treated as shown in Scheme 3. 


SCHEME 3 
Hydralysis of Wax D from BCG by Alkali 


0.5 g. of Wax D from BCG was dissolved in 5 ml. of benzene and this solution 
was refluxed for 4 hours, adding 5ml. of 5 per cent of methanolic KOH. 


Reaction mixture 


| 
Solvent layer Aqueous layer 


acidified with HCl IR-120 (H+ cycle) 
shaken with water dried under reduced pressure 
| Syrup 120 mg. 

Solvent layer Aqneous layer dissolved in small quantity 
dried and of water and added absolute 
dissolved in ether, alcohol 
precipitated with methanol 

| | 80 mg, Supernatant 

Precipitate Soluble fraction (A) (B) 
150 mg. 150 mg. Scherer test++ Phosphorus+ 


Molish test ++ Glycerol + 


10mg. of (A) (Molish and Scherer positive) was dissolved in 5 ml. 
of 5 per cent H.SO,, heated for 2 hours in water bath, neutralized with 
BaCOs; after cooling and the supernatant solution was isolated by centrifuga- 
tion. The barium was removed with IR-120 (H* cycle) and the solution 
was concentrated to 1 ml. in vacuo, and paperchromatographed according to 
the methods described above. Mannose, inositol and a small amount of 
glucose were identified. Glycerol and phosphorus were shown qualitatively. 


DISCUSSION 


Anderson isolated inositol in purified Wax from human as well as 
from bovine type of tubercle bacilli in an amount of 0.05 per cent and 
0.3 per cent as calculated from Wax, respectively (14, 15). Asselineau 
described arabinose, galactose and mannose in water soluble fractions after 
the hydrolysis of Wax D of human types while he did not mention at all 
about inositol* (8, 9). By means of microbiological assay which is the most 


~ * Asselineau later confirmed inositol and glycerol in the water soluble part after 
the hydrolysis of Wax D of several human strains of tubercle bacilli (personal communica- 
tion). His preparation kindly supplied by himself (Canetti strain of human type) gave 
0.7 per cent of inositol as determined by us. 
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reliable method for the determination of inositol, 3 per cent of inositol was 
found in Wax D of BCG and this fact was further confirmed by the isolation 
of an equal amount of inositol in a crystalline form. Whether inositol 
contained in Wax D is in the form of inositol phosphatide or in other 
forms is an interesting problem. In our further studies it has been shown 
by column chromatography on silicic acid that one of the main fractions 
of Wax D of BCG was inositol phosphatide. Details will be given in the 
near future. 

In view of extraction technique for natural products it is of interest 
that there were two kinds of inositol lipides—one is extractable by alcohol- 
ether, while the other only by chloroform. Whether or not these two lipides 
_are identical with each other remains to be ascertained. 


SUMMARY 


The content of inositol in all lipide fractions from BCG was determined 
by the microbiological assay. It was shown that 3 per cent of inositol was 
found in the Wax D fraction. 
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Silk fibroin has been investigated in detail on the chemical and physical 
side, because of its highly characteristic molecular structure and its very 
simple amino acid composition. For all many previous studies, however, 
we are unfortunately able to say very little about the mechanism of biological 
synthesis of silk fibroin. On the early stage of our investigation on the 
fibroin formation we demonstrated an in vivo formation of silk protein by 
incubating a silk-gland in a synthetic medium (J). Sissakian and 
Kuvayeva (2) observed also an increased synthesis of protein in the 
culture medium containing amino acids and body fluid of pupa of silkworm. 
Zamecnik and his coworkers (3) showed incorporation of radioactive glycine 
and alanine injected into body cavity of silkworms into the protein of the 
cocoons.. More recently incorporation of radioactive phenylalanine into silk 
protein was reported by Fukuda (4) and Bricteux-Gregoire ¢ al. 
(5). 

In the present paper incorporations of glycine-1-C™ into the silk-gland 
and silk fibroin were studied in greater details. 


MATERIALS AND METHODS 


Silkworms (Bombyx mori, L: a hybrid “Si 122 X Nichi 122”) at the third to fifth day 
of the fifth instar were used for the injection of radioactive amino acid. 

Radioactive Amino Acid—Glycine-1-C'* (0.1 mc per 2.12mg.) was obtained from the 
Radiochemical Centre, Amersham, England. 

Isotope Analysis—Radioactivity measurements were made on a Geiger-Mi'ller counter 
with a thin mica window (1.43mg. per cm*). Suitable corrections were applied for 
background and: self-absorption within the sample. Sufficient counts were taken so that 
the standard deviations were less than 5 per cent. All protein samples were finely powdered 
and dried over concentrated sulfuric acid. 

Injection and Preparation of Tissue Protein—Radioactive amino acid dissolved in 0.05 ml. 
of 0.9 per. cent saline was injected into the body cavity of silkworm. At different time 
intervals after the injection a bowel leg. of the silkworm was cut and the effusing blood 
was collected quickly into an ice-cold test tube, and then the silkworm was dissected to get 
the silk-glands and other tissues. Each tissue was homogenized in a glass homogenizer, 
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added equal volume of 15 per cent trichloroacetic acid, and allowed to stand overnight. 
The precipitates were washed five times with cold 7 per cent trichloroacetic acid, two 
times with ethanol-ether (1:1) and finally with ether. 

Fractionation of Protein in the Posterior Silk-Gland—Two methods were carried out. 

a) Griffin’s Method: Fibroin, ribonucleoprotein (RNAP), desoxyribonucleoprotein 
(DNAP) and soluble protein in the posterior silk-gland were separated by a modified 
method of Griffin (6), The details of the fractination procedure are given in Scheme 1. 
The each protein fraction was precipitated with trichloroacetic acid and washed throughly 
as described above. 


SCHEME 1 
Scheme for Fractionation of the Proteins of Posterior Silk-Gland 
|Silk-gland | 


| homogenized with three volumes of 0.4M NaCl, 
| centrifuged at 3,000 r.p.m. for 10 min. 


Supernatant I Residue 


homogenized with three volumes 
| of 0.4.M NaCl, centrifuged 


Supernatant II Residue 
| | homogenized with 1.5M 
| acidified to pH 4.2~43 | NaCl, centrifuged 
| with 1N HCl, centrifuged = 
| a u Sup. Residue 
Sup. Ppt. | dialyzed against washed with 
| g i 
| added equal volume dissolved in dil. NaOH i 0.4. M NaCl | 7.596 TCA 
| of 15% TCA | (pH 8.0), centrifuged eer arn Fibroin, 
Ppt. t (: Sup. me 
: Sup. undissolved ; 
washed as in text oe a EE, ‘DNA-Protein_ 
Soluble Protein pe | 
i if Protein X 
Sup. Rpts 


RNA-Protein 


b) Trickloroacetic Acid Method (TCA Method): The excised posterior silk-glands were 
steeped in 5 per cent trichloroacetic acid solution at room temperature for 5 hours. The 
coagulated tissue proteins were separated with the aid of small pin-cettes from the fibroin, 
which is easily distinguished from the tissue protein by its jelly like look. 

Separation of Cytop'asmic Granules from the Posterior Silk-Gland—For the separation of 
particulate components the sucrose fractionation method of Schneider (7) was employed. 
The posterior silk-glands were homogenized with ten volumes of 0.25 M sucrose solution 
at 0’ for one minute. After removal of the insoluble protein and nuclei by sedimentation 
at 600xg for 10 minutes, large granular fraction was sedimentated at 8,500 x g for 10 
minutes and washed once with 0.25 M sucrose. From the combined supernatant small 
granular fraction was obtained by centrifugation at 18,000xg for 60 minutes or 105,000 x g 
for 60 minutes. The both granules were washed two times with seventy per cent ethanol, 
once with 94 per cent ethanol, absolute ethanol and ether. 


The supernatant from the small granule preparation contained the soluble non-particulate 
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components of the cell. These proteins were precipitated with 10 per cent trichloroacetic 
acid and designated as soluble protein. 

Ton Exchange Chromatography—F¥ or the assay of location of radioactivity in the radioactive 
fibroin the excellent method of Hirs et al. (8) for amino acid fractionation with Dowex- 
50 and Amberlite IR-4B was employed. The columns used in the present work were 
0.9cm. in diameter and 120cm., 30cm. and 15cm. in length, repectively. Ammonium 
formate and ammonium acetate buffers were used. The collection of effluents was carried 
out by an automatic fraction collector. The course of the elution was followed by 
colorimetrical measurement of ninhydrin reaction and by measurement of radioactivity. 


RESULTS 


! Incorporation of C'-Glycine into Various Tissue Proteins—Glycine-1-C™ (1.4x 
10° c.p.m.) dissolved in 0.9 per cent saline was injected into silkworm. At 
the time of 3 minutes to 48 hours after the injection, the insects were 
dissected and their posterior silk-glands, middle silk-glands, intestinal tissues, 
dermal tissues and blood were collected and homogenized with an equal 
volume of 0.9 per cent saline as rapidly as possible. The proteins of each 
tissue were precipitated with trichloroacetic acid and washed as described 
above, except that the blood protein was precipitated in 70 per cent ethanol. 
The radioactivities (c.p.m. per mg.) of each protein fraction are set forth in 
Fig. 1. It is a most remarkable fact that a great part of the radioactive 


Posterior gland 


Intestine, OD, Derm (-- 


Opals 4 6 10 18 24 
TIME ¢ hours) 


Fic. 1. Incorporation of glycine-1-C'* into the proteins of the 
various tissues of silkworm. The specific radioactivities are expressed 
as c.p.m, per mg. of protein. 


glycine was incorporated into the posterior silk-glands during the first four 
hours, but only at small extent into other proteins. However, the radioactivity 
of the posterior glands began to decrease gradually after about 10 hours. 
This is in contrast ‘to the radioactivity change of the middle glands, of 
which radioactivity increased gradually and was about ten times of that of 
the posterior gland at the end of 48'hours. These facts present a clear 
evidence that silk fibroin is synthesized in the posterior gland and transfered 
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mostly into the middle gland within 48 hours. 

It is also clear that the radioactivity of blood protein is much less than 
that of the posterior gland at each time. This result may be interpreted as 
indicating that the blood protein is not a precursor protein for fibroin 
synthesis. 


C.p.m. 
60 


40 


20 


“soluble protein 


TIME ( minutes )- 


Fic. 2. Incorporation of glycine-1-C'* into the proteins of 
posterior silk-gland. 


TABLE I 


Specific Radioactivity of Fibroin and “Tissue Protein Prepared by 
TCA and Griffin’ s Method 


Fibroin Tissue 
he Exp. I* Exp. I* Exp. I Exp. II 
TCA || Griffin TCA Griffin TCA | TCA 
(c.p.m./meg.) (c.p.m./mg.) (c.p.m./mg.)| (c.p.m./mg.) \(¢.p.m./mg.) |\(c.p.m./mg.) 
10 mins. On Beles) < 30.4 
20 mins, 0.4 cy gee ge 40.3 
30 mins. ; ile Teed pique | h| or 34.4 
90 mins. | 82.850 SOHO AIT SAT ben Bhed 
4 hrs. 129.7 $12 5°. | a 7.5 
18 BF. ts outlets slnadlallte weteasioe A Gian hike paella ene 


* Tijtdtca 30, a“ c.p.m. of alycine-- C¥ per silkworm. 


Incorporation of C'-Amino Acid into Vaarkcud Protein Fractions of the. Posterior 
Silk-Gland—As the rapid incofporation | of glycine-1- c™ into the posterior 
gland was confirmed, it was undertaken, furthermore, to isolaté | ‘fibroin, 
ribonucleoprotein, desoxyribonucleoprotein and soluble .protein. from the 
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posterior gland. “The change in the specific radioactivity of these proteins 
after the injection of glycine-1-C™ (1.4x10° c.p.m.) is shown in Fig. 2 
(Griffin’s method). The specific radioactivity of fibroin seems always 
to be higher than these of other fractions. That is, under these conditions, 
we could not show evidently whether there is a stage in which the radioac- 
tivity of RNAP or DNAP is higher than that of fibroin. 

In Table I a typical result with TCA method is presented. There may 
be seen a distinct difference between the radioactivity change of fibroin 
prepared by Griffin’s and TCA method. Labeling of the fibroin prepared 
by the TCA method reveals clearly a lag phase during first 30 minutes after 
injection. It is of interest that the tissue protein is more radioactive than 
the fibroin in this phase. 

Incorporation of C''-Amino acid. into, the Lae and Small Granules of Posterior 
Silk-Gland—The results are shown in Fig. 3. The specific radioactivities of the 


600 


Large glanule 
c.p.m. ‘ 


400 


200 Small granule 
~ 


Fibroin 


MS Te Ae 40 60 
TIME ( minutes) 
FIG. 3. Incorporation of glycine-1-C’* into the granules of 
posterior silk-gland. 


large and small granules are maximum at around 20 minutes after injection, 
and much higher than that of fibroin. It is noteworthy that the mitochondrial 
protein has higher activity than the microsomal protein. 

Location of Radioactivity in Amino Acids of Fibroin—Dowex-50 column 
chromatography was used to localize the radioactivity among the amino 
acids in the hydrolyzate of radioactive fibroin, which was isolated from 
posterior silk-gland at four hours after injection of glycine-I-C™. The 
chromatographic results are shown in Fig. 4, in which a shaded portion 
represents the radioactivity of effluent. The chromatogram shows clearly 
that about 95 per cent of the radioactivity recovered is located in glycine 
and small amount of activity is in serine (3 per cent) and alanine (1 per 
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cent). This result indicates that the most part of radioactivity of fibroin is 
due to its glycine residues. 


Protein hydrolysate 
sha Dowex 50,30 cm. 
400 


0~10;20 + 40 80 100 mi. 
pH 5.5, 012M icetiie ee 


C.p.m. Amberlite IR-4B, 15cm. 


0 10 20 30 40 50 mi. 
pH 5.0,0.2 M Acetate ———————_> 


Dowex 50, 120 cm. 


Glycine 


Alanine 


Serine 
Threonine 


0 50 60 70 80 90 100. mi. 
Kk— pH 3.1,0.2 M Formate 40% Ethanol ———» 


Fic. 4. Ion exchange chromatograms of the hydrolysate of 
radioactive fibroin. 

The shaded portions represent the radioactivities of effluents 
and the solid lines are ninhydrin determinations, 1 ml. of the 
hydrolysate of 10mg. of radioactive fibroin (60 c.p.m. per mg.) 
was placed on the column. 


DISCUSSION 


A great part of glycine-1-C™ injected into body cavity of silkworm was 
shown to be incorporated into the posterior silk-gland. In the experiment 
described in Table I, the change of specific radioactivity of fibroin prepared 
by TCA method shows a distinct lag phase during first 30 minutes after 
injection as compared with the fibroin prepared by Griffin’s method. 
There are two possible explanations for the appearance of this lag phase. 
First, we can expect a formation of precursor protein in the gland tissue, 
because the radioactivity of free glycine in the blood decreased rapidly 
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during first 30 minutes after injection and the tissue protein, on the other 
hand, showed considerably high radioactivity even at 10 minutes after injec- 
tion. This fact may suggest that the radioactive amino acid is incorporated 
into the precusor protein in the gland tissue and then the precursor protein 
converts into fibroin. Another possible explanation is that the radioactive 
protein in the gland tissue is a fibroin itself which is synthesized newly, and 
the lag phase indicates a time for the secretion of synthesized fibroin. The 
characterization of this radioactive protein in the gland tissue is now under 
investigation. 

The fact that the fibroin preparation obtained by the Griffin’s 
method did not reveal a lag phase will be interpreted as a contamination 
of this tissue protein, which is insoluble in 0.4 @ and 1.0 M@ NaCl, and has 
similar properties to fibroin. The TCA method, therefore, seems to be 
better than the Griffin’s method to get a pure fibroin from the posterior 
silk-gland. 

The result in Fig. 3, shows a more active uptake of radioactive amino 
acid into the protein of the large granule fraction, which is about twofold 
as radioactive as the small granule and threefold as fibroin. These facts 
are not consistent with the results of other workers (9, 10, 11). They demon- 
strated that the microsomal fraction of rat or mice liver incorporates amino 
acids at much greater rate than does any other fractions. 

Now there arises a question whether the large and small granules which 
we isolated are actually correspond to mitochondrial and microsomal fractions 
in a usual sense or not. Some analytical data concerning the properties of 
both particles are shown in Table IH. The small granule is more rich in 


TABLE II 


Amounts of Total Nitrogen and Ribonucleic Acid Phosphorus (RNA-P) in the Cell 
Particles of Postirior Silk-Gland 


: | ss | le Total N Succinoxidase 
Particles | Total N | PNA-P RNA®? RNAP activity®) 
| > 
(ug./mg.) | (ug./mg.) (6 (Qo2/mg. N) 
Large granule” 100.4 | 10.2 10.8 | 9.8 462 
Small granule”) 105.4 | 19.8 21.0 | 5.3 73 
as 


1) Centrifuged at 8,500xg for 10 minutes. 

2) Centrifuged at 105,000 x g for 60 minutes. 

3) Calculated assuming RNA contains 9.4 per cent phosphorus. 

4) Determined by the method of Schneider ef al. (J. Biol. Chem., 149, 217 


(1953). 


RNA and has less succinoxidase activity than the large granule. These 
results support that the large and small granules are correspond to mito- 
chondria and microsomes of mammalian liver, respectively. Therefore, the 
idea that microsome is the actual loci for synthesis of protein but that 
simultaneous oxidative phosphorylation by mitochondria also necessary 
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seems to be inappropriate to apply to the cellular system of posterior 
silk-gland. 


SUMMARY 


1. A large part of glycine-1-C™ injected into the body cavity of silkworm 
was incorporated into the posterior silk-gland. 

2. Two methods (Griffin’s and TCA method) were attempted to 
fractionate the proteins of the posterior silk-gland. The change of specific 
radioactivity of fibroin prepared by TCA method showed a lag phase during 
first 30 minutes after the injection. , 

3. The large granule of the cells of the posterior silk-gland incorporated 
glycine-1-C'* more than the small granule. 

4. Location of radioactivity in amino acids of fibroin was determined 
by a method of Dowex-50 column chromatography. About 95 per cent of 
the total radioactivity recovered was shown to be located in glycine residue. 
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Previously the effect of changing the environment on the metabolic 
patterns in the cerebral cortex slices has been reported (J-4). As well known, 
an increase of potassium ion concentration, or an addition of L-glutamate, 
“Causes an increase in the oxygen consumption and aerobic glycolysis of 
brain slices (5-7), while it decreases their concentration of phosphocreatine 
(2, 8). Therefore, it may be thought that the uncoupling of oxidative 
phosphorylation would be brought about thereby similary as by the addition 
of 2,4-dinitrophenol. On the other hand, it has already been shown that 
the incorporation of inorganic P* into the pentosenucleic acid, phospholipid 
and other protein-bound phosphorus compounds of respiring brain slices is 
dependent upon oxidative phosphorylation mechanism (9-2). These con- 
siderations prompted a detailed experiment using P® to disclose further the 
relation between the energy yielding metabolism and the phosphorylation 
of brain slices. 

In the experiments, the incorporation of inorganic P® into “ phospho- 
protein ” of brain slices was indicated to be increased, under the conditions 
‘where enhancement of metabolism was observed, by increasing the concen- 
tration of potassium ions. Accordingly the evidence was presented that the 
increased metabolism of brain slices by the addition of potassium ions is 
coupled with the incorporation of P*. The effects of other substances on 
P* incorporation were also described concerning with their relation to the 
changes of metabolism. The special effect of L-glutamate on brain slices 
was also discussed. 

A preliminary report of these experiments has already appeared (13). 


METHODS 


Preparation and Incubation of Brain Slices—Guinea pig brain slices were prepared on the 
cooled stage with a safety razor blade from the cerebral hemispheres and stored in ice 
cold Krebs-Ringer solution. Slices of 0.3-0.4 mm. thick weighing 300-400 mg. in wet 
weight were transferred to Warburg flasks containing 10ml. Kre bs-Ringer solution 
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buffered with glycylglycine (pH 7.0). Into each flasks 50 yc of radioactive phosphate 
(H3P?2O,) and 0.011 M glucose were added. The flasks were aerated with pure oxygen 
and then incubated at 37° for 90 minutes with shaking. 

The basic saline medium used contained 0.127 Af NaCl, 0.0051 M@ KCI, 0.00273 M 
CaCl,, 0.00134 M KH.PO,, 0.00134 M MgSO,, 0.05 M glycylglycine brought to pH 7.0 
with N NaOH, and 0.011 M glucose (/#). 

The high potassium medium was made by the addition of KCl to Krebs-Ringer 
solution without the correction of osmotic pressure. When the sodium-free medium was 
prepared, sodium ions were replaced by choline to maintain the isotonicity of the medium, 
and the glycylglycine was neutralized with N KOH. In preparing a potassium-free 
medium, KH,PO, was replaced by NaH,PO,. The additional ammonium ions were added 
as NH,Cl. For calcium-free medium, CaCl, was omitted from the basic Ringer solution. 
The tricarboxylic acid cycle intermediates were added as the sodium salts. When oxygen 
uptake, glucose utilization, lactic acid formation and activity of transamination of brain 
slices were to be estimated without determining the incorporation of P*%*, phosphate was 
used instead of glycylglycine as a buffer, and the concentration of glucose in the medium 
was reduced to 3.3 x 10-3 M. 

Determination of the Specific Activities—The fractionation of the phosphoric esters of brain 
slices for the determination of the specific activities was performed principally as described 
by Friedkin and Lehninger (JS). 

After the incubation period, the slices were transferred rapidly to a Potter- 
Elvehjem type homogenizer containing 6 ml. of ice cold 10 per cent (W/V) trichloroacetic 
acid (TCA) and then homogenized for 30 seconds. The suspension was centrifuged carefully, 
and the supernatant was treated twice with magnesia mixture te remove inorganic phosphate 
and then ashed with perchloric acid. This acid soluble fraction was taken for counts and 
for phosphate determinations. 

The TCA precipitate was washed twice with 10 per cent TCA. The lipid in the 
washed precipitate was removed by two extractions with 5 ml. of 95 per cent (V/V) ethanol 
and two extractions with 5ml. of ethanol-ether (3:1) for 5 minutes at 60°. The nucleic 
acids were then removed from the protein residue by three extractions with 5 ml. of 5 per 
cent (W/V) TCA for 15 minutes at 95’, and finally washed with 5 per cent cold TCA. 
The residue was taken up in 3.0ml. of N NaOH and kept at 37° for 15 hours. Then, 
0.6ml. of 6N HCl and 3ml. of 10 per cent TCA were added and centrifuged. The 
inorganic phosphorus of the acid-soluble portion of the hydrolyzate is derived from the 
hydrolysis of “phosphoprotein”. The organic P of the hydrolyzate in the acid-soluble 
fraction, after two further magnesia treatments, forms the residual organic P. 

In most experiments, the so-called protein-bound P contains both the phosphoprotein 
and the residual organic P fractions. These organic P fractions were ashed completely 
with | ml. of 60 per cent perchloric acid, and then phosphorus was estimated by the 
method of Martin and Doty (J6). Both the concentration and the radioactivity of 
the inorganic P were determined on the same sample. The radioactivity in the sample 
was counted by a GM counter. The counting rate was corrected for background and 
decay, and the specific activities were expressed as the number of counts per pg. of 
phosphorus per minute. 

Other Analytical Methods—Oxygen uptake was measured by the usual manometric 
techniques at 37° in pure oxygen. Glucose utilization was estimated using the anthrone 
reagent as described by Koehler (17). Lactic acid formation in the medium was 
determined chemically by the method of Barker and Summerson (J8), Aspartic 
acid content in respiring slices was measured paperchromatographically according to the 
method described by Awapara et al, (19). The paper used was of No. 51 (4x40 cm.} 
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cf Toyo-Roshi Co., Tokyo. Ninhydrin reagent was prepared by the method of Yemm 
oo Cocking (20). Reagent blanks against 50 per cent ethanol were usually about 0.060 
optical density units at 570 my, and paper blanks were about the same degree. The optical 
density of 0.2 uM of aspartic acid was about 0.320. 


RESULTS 


P® Incorporation and Potassium Effect on Brain Slices—Table I shows the 
changes in the specific activities of acid-soluble P and protein-bound P of 
guinea pig brain slices under various conditions with or without high con- 
centration of KCl. The results were expressed as a percentage of the control 
metabolizing in the basic glucose-containing medium. 


TABLE I 


Effect of the Addition of KCl on the P?? Incorporation into the Acid-Soluble P and 
Protein-Bound P of Guinea Pig Brain Slices under the Various Conditions 


are eae Bs | cotta a P Desa P 
Glucose a | 136-432*(7) | 182 +28*(7) 
Glucose and malonate ae ; 170 23a) ah (3) 
ditto i pe | 24.5 | 30.7+14*(3) 
Glucose and DNP_ a : 13.0 lo? Be? 
ditto | = | 12.9 | Lint 
Pyruvate | fs | 63.2 | hoe Sabet 
ditto | = | 52.6 | 60.2 
No substrate | — S256 | 41.5 


The incorporations in four or five different conditions, including every 
time a normal control one, were examined at the same time and the changes 
in the specific activities were calculatard relatively to that control. 

* Mean + standard deviation; the value without standard devitation, 
the mean of two experiments; figure in parentheses, number of experiments. 


By the addition of potassium ions (10-!M) to the usual medium, the 
incorporation of P*® into protein-bound P of the cerebral cortex slices was 
apparently increased, and also that into acid-soluble P was increased slightly. 

Although sodium malonate (10-? M), as well known, does not inhibit 
the respiration of brain slices (2/), the incorporation of P*® into phosphorus 
compounds of them was markedly depressed by the addition of malonate, 
either in the presence or in the absence of high concentration of potassium 
ions. 

2,4-Dinitrophenol (5x10-* M) also augments both the oxygen uptake 
and lactic acid formation as well as the presence of high concentration of 
potassium ions does. On the contrary the incorporation of P* was depressed 
strongly by 2,4-dinitrophenol. 

In the case where pyruvate was used as a substrate instead of glucose, 
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the incorporation of P* into acid-solubie P and protein-bound P was not 
increased even by the addition of potassium ions. 

Table II shows the effect of potassium ions on the specific activities of 
protein-bound P of guinea pig liver slices metabolizing glucose. It was 
indicated that an increase in the concentration of potassium ions has no 
effect on the incorporation of P* by liver slices. The increase of incorpora- 
tion of P* into protein-bound P coupled with metabolism in the presence 
of high concentration of potassium ions is thought to be peculiar to the 
brain slices respiring in glucose-containing medium. 


TABLE II 


Specific Activity of the Protein-Bound P of Guinea Pig Liver Slices Incubated in 
Potassium-Rich Krebs-Ringer Glycylglycine Buffer 
Contain Glucose and P%* 


Suede activity ahi (ye iP) 


Gishivien of protein-bound P 
Rage 1 | Expt. 2 | Expt. 3 
Normal medium _j 209 (1510) | 660 | 580 
K* rich medium i 256 (1750) )} 60 ae ea 


Slices acaba for 90 minutes at 37° in Krebs-Ringer 
solution. Figure in parentheses indicates the specific activity of 
the acid-soluble P. 


(¢/min./ya.p ) 


SPECIFIC ACTIVITY 


NORMAL K - EFFECT 


Fig. 1. Effect of the addition of K+ on the specific activity 
of phosphoprotein P (PP), residual organic P (ROP) and residue 
P (RP) of guinea pig brain slices, 

The height of each column shows the mean va!ue of the specific 
activities (c.p.m./xg. P) of PP (GZ), ROP (EJ), RP (fm) and 
acid-sol. P ({_}), obtained in three independent experiments. 
Slices incubated for 90 minutes at 37° in medium containing glucose 
and P* (60 4c). In K-effect, KCl (10-! M) was added to the basic 


medium. 


— 
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Fig. 1 presents the results of an experiment in which the specific activities 
of phosphoprotein, residual organic P and insoluble residue were determined 
respectively at the same time according to the method of Find] ay et al. 
(9). Owing to potassium effect the specific activity of the phosphoprotein 
fraction was increased to the highest degree among these fractions. 


(¢/min/pgP) 


SPECIFIC ACTIVITY 


60 120 180 240 
TIME ( minutes ) 

Fic. 2. Time course of the incorporation of P*? into protein- 
bound P of brain slices respiring in the medium containing P** 
in the presence (&—A) or in the absence (@---@) of KCl (107! M). 
Point (a, @) in the figure represents each estimation. 


OXYGEN CONSUMPTION ()M/g-hr) 


60 120 [-ce) 240 
TIME ( minutes ) 


Fic. 3. Oxygen uptake rate of brain slices in the presence 
(—a—) or in the absence (—~@—) of KCl (10-! M). Guinea pig 
brain slices weighing about 200mg. were incubated under pure 
oxygen in 2ml. of Krebs-Ringer solution containing glucose. 


Time Course of Potassium Effect—Fig. 2 shows the time course of the in- 
corporation of P® into protein-bound P in glucose-containing medium with 
or without high potassium ions. The rate of increase of specific activity 
was linear with time to 60 minutes and then became a steady state for 240 
minutes at 37°. On the other hand, the increase of oxygen consumption 
by the addition of potassium ions became gradually smaller with time, and 
after 180 minutes it was almost the same as that in the control medium. 


494 Y. TSUKADA, G. TAKAGAKI AND S. HIRANO 


Basing on the results mentioned above, the incorporation of P® into 
phosphoprotein was usually determined at the end of 90 minute incubation 
at 37% 

Potassium and Sodium Ions—TVhe effect of an increase in the concentration 
of potassium ions from 0 to 127x10-* M on the incorporation of P* into 
protein-bound P was examined under the correct osmotic pressure maintained 
by decreasing the sodium ion concentration substitutionally. As shown in 


TABLE III aga Se 


Effect of Changing the Concentration of K+ and Na* of the Basic Saline on the 
Specific Activity of the Protein-Bound P of Guinea Pig Brain Slices 


Ion concentra- 


tion (10-8 M) Specific activity of protein-bound P (c.$.m./ng. P) ccs 
3 | | 24 | (96 
K+ | Nat |Expt. 1|Expt. 2|Expt. 3 Expt. 4|Expt. 5|Expt. 6/Expt.7|  ~ 
5.1| 127 | 2780 | 3330 | 2170 | 780 1990 1460 | 1150 babi nia 
100 127 | 3640 | 4960 |  — aT ae ee AS 
| 1160, | 634, | | 
90 | 30 x ze 2 aed, le ES eee 
2740 1550 | 627 1025 
50 70 HG Se one wis ni) neg Ei > 1416 (4) 
ATED ihegeee | | 1085 
5.1 227 usimab See bote 2770 | NEE oe Lp 1 
0 12 5 Py tee 57g" 1680 | 1320 | — | + 4.5 (3) 
| | | 392, . 
5.1) 0 | |e | 70 | — | — |-87.7 8) 


Brain slices incubated for 90 minutes at 37° in the medium containing glucose 
and P*?, K* was added as KCl and Nat was replaced by choline for maintaining 
the correct osmosic pressure. 


Taste IV 


Effect of Adding NH,*+ or Omitting Cat+* on the Specific Activity of the 
Protein-Bound P of Guinea Pig Brain Slices 


| Specific activity of protein-bound P (c.p.m./pyg) P 

Condition ee = = Pheoaes 
(Expt. | Expt. 2. Expt. 3/ Expt. 4| Expt. lie 6|  (%) 

Control medium 1800 1343. + 269:~| ~«-2080 1460 920 | 
NH,* (10-3 M) added | 975 | 1390*| "167 | ey TaD ee le ope (4) 
NH,* (10-2 M) added OO 992) eel OY 995 ee 904) 

ae | | | 942, 

ne free 1210 | ; tent 290 | —15.3 (3) 


Incubation condition was same as in Table III. NH*+ was added as NH,Cl, 
and for Ca*+-free medium CaCl; was only omitted from the basic medium. 


Table III, the presence of certain amount of NaCl was necessary for the 
increase of the incorporation of P* into protein-bound P by high concen- 
tration of potassium ions. On the other hand, the omission of sodium ions 
being replaced by choline caused much decrease in the P* incorporation. 
When the concentration of sodium ions was lowered, the incorporation of 
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P*® \was markedly decreased even in the presence of high concentration of 
potassium ions. 

Ammonium and Calcium Ions—It has previously been reported that the 
effect of the addition of ammonium ions or the omission of calcium ions 
on the oxygen uptake and lactic acid formation is similar to that of the 
high concentration of potassium ions (4, 1/4). Table IV shows that the 
addition of ammonium to give a concentration of 107? or 10°? M causes a 
reduction in the incorporation of P* into protein-bound P. And the omission 
of calcium ions from the medium also depressed the incorporation of P*™ 
slightly. 

L-Gluiamic Acid—Findlay, Magee and Rossiter (/0) showed that 
the addition of L-glutamate to the medium has an inhibitory effect on the 
incorporation of P* into various phosphoric esters of brain slices metabolizing 
glucose as substrate. It was certainly confirmed as seen in Table V. But 
when 107! M of KCl was further added to the medium in the presence of 
glutamate, the specific activity of protein-bound P was increased more than 
that in the normal control medium. And also, in the case of the addition 
of fumarate (10°?) to the medium containing glutamate and glucose, 
the inhibitory effect of glutamate on P* incorporation was considerably 
abolished. 


TABLE V 


Effect of the Addition of L-Glutamate on the Spe ifi> Activity of the Protein-Bound P of 
Guinea Pig Brain Slices in the Presence or in the Absence of 100-!M KCl 


“Specific ey = aE Spear Pp “ebm |g P) Changes 


Addition ih Lena he Lt Ae (2% 
“Expt. 1) Expt 2 Expt 3| es a 4 Expt. 5 | Expt. 6 PExpee a 


Control Srheatue| 1435 | 1050 | 2310 ] 6750 | 2890 | 4250 , 1560 


| | 
| 


LHGlutamate™ | 658°)’ “925578 | 3440) 91334) |  — | “ES “|= 51-66) 
| | | | | | 
meteor ec] 1650.) 606 VTE eo | 0950) 1820. +39.0,.6) 
| | | 
| | | 
L-Glutamate and; 1355 | 1170 | 635 | 4360 | 3412 | — bs 12805 (6) 
fumarate | | 


Experimental condition was same as in Table III. 


Tricarboxylic Acid Cycle Intermediates—As naturally expected, when a tricar- 
boxylic acid cycle intermediate was added to the medium containing glucose, 
the oxygen uptake of brain slices was increased significantly, although glucose 
consumption and lactic acid formation were rather decreased (Table VII). 
Therefore, the incorporation of P® into protein-bound P was examined in 
the addition of succinate, fumarate or a-ketoglutarate to the usual medium. 

As shown in Table VI, the incorporation of P*? was scarcely affected 
by the addition of a-ketoglutarate (10-? M). The addition of succinate or 
fumarate caused a slight increase in the incorporation of P* into protein- 
bound P. Moreover, the addition of both succinate (10-* M) and potassium 
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(10-! Af) induced the apparent increase of the specific activity of protein- 
bound P being accompanied with the enhancement of metabolism. 


Tasie VI 
Effect of the Addition of Some Tricarbexylic Acid Cycle Member on the Specific 


Activity of the Protein-Bound P of Guinea Pig Brain 
Slices sain Glucose 


Specific activity cf gibi -bound (c.p.m./ug. P) ; Ghah 
Addition Pe 
Expt. 1 Expt. 2) Expt. 3 | | Expt. 4|Expt. 5|Expt. 6| 4a 
Normal control 454 | 545 | 2080 | 450 | 2970 | 2810 

a-Ketoglutarate — —_ 1940 500 2580 “tA ol —3.0 (3) 
Fumarate 818 621 all 500 | — | 2490; +23.5 (4) 
Succinate 1 HOARE ey HESS -2B1Ow Fae | 2350 |, 2830 | +13.2 (5) 
Succinate and K+, 1540 — — ;} — | 3660 iti 4190 +101 (3) 


Experimental condition was same as in Table III. 


TaBLe VII 


Oxygen Uptake, Glucose Utilization and Lactic Acid Formation in Respiring Brain 
Slices by the Addition or by the Omission of Various Substances 


; a O, uptaket | Glucose utilization* | Lactate formationt 
ati (amelie) | (um/efir) | (ut/¢/hr.) 


Control medium 57.44 3.7 (12) | 18:743.20) | 168441 ©) 
a-Ketoglutarate 68922 6.7.13) | 13.6+2.6 (3) 9925 204(3) 
Succinate 95.7 1.4 (3) | 13.341.5 (3) 11.3+3.6 (3) 
Fumarate 692+ 5.4.03) | opel3 7-206 (3) aus Loder, a) 
Glutamate 75.8 3.9 (4) | 33.741.5 (4) | 44.441.1 (4) 
Glutamate and K+ 129.4412.2 (3) |  45.642.2(3) | 52,2445.4 (4) 
Succinate and K+ 118.6£10.6 (4) | 41.443.6(4) |  45.4-44.4 (4) 
*NH,* (10-2 M) 63.5 5.5.(7) |. .24.343.2(7) | 28. 742.6-(7) 
*Cat+-free 100.3+ 7.5 (4) | 31.843.1 (4)  33.542.6 (4) 
*K+-free 60.1: $.2.(7), |, 22.5215 (7) | 4 24.843.6 (7) 
*K+ (10M) M444 8.14) 51.04.24) | 59.4£5.9 (4) 


sores slices incubated for 90 minutes at 37° cm pure oxygenin Kre ie S- 25 inger 
phosphate solution containing glucose. 

* These results have already appeared in previous report (#4) 

+ Mean-+Standard deviation. Figure in parentheses, number of experiments. 


Effect of Adding Some Substrates and Changing Ionic Constituents on Oxygen 
Uptake, Lactic Acid Formation and Glucose Consumption—Table VII presents that 
the addition of some tricarboxylic acid cycle intermediate to the medium 
containing glucose as a substrate augmented the oxygen uptake of brain 
slices, although the lactic acid formation and glucose consumption were 
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rather decreased. When L-glutamate was added, all of oxygen uptake, lactic 
acid formation and glucose consumption were increased markedly. And also 
these were further increased by the further addition of potassium ions 
(10-' Mf). Furthermore, as previously reported (4), the metabolism of brain 
slices is influenced by changing the concentration of potassium, calcium or 
ammonium ions, 

From above observations, it seems that the augmentation of P*? incor- 
poration into protein-bound P would not be related directly with an increase 
in the metabolism of brain slices, but only the increase of metabolism which 
was caused by the existence of high concentration of potassium ions could 
be specially coupled to the phosphorylation mechanism in brain tissue. . 

Transamination in Brain Slices—For the purpose to explain the inhibitory 
effect of r-Glutamate on P* incorporation, the transaminase activity in brain 
slices metabolizing both glucose and L-glutamate was estimated. L-glutamate 
is metabolized oxidatively in brain slices, and at the same time aspartic acid 
was also produced from L-glutamate in the presence of glucose about 5 
times more than in the absence of glutamate. Further addition of fumarate 
(10-° M) was without effect on the formation of aspartic acid. 


Tasie VIII 


Changes of the Contents of Aspartic Acid and y-Aminobutyric 
Acid in Respiring Guinea Pig Brain Slices by the 
Addition of L-Glutamate to the Medium 


Ka aicion ae outed acid 
Control medium 1.19-+40.50 (3) 1.30+0.45 (4) 
L-Glutamate 6.45+1.60 (5) 2,290.55 (5) 
L-Glutamate and Kt Se (Mlaell 20) (GB) 2,770.73 (3) 
L-Glutamate and fumarate Ue mlausass) (3) 2.12+0.80 (3) 
KCl (10-! M) 0.83-40.14 (3) 15,02-£0539)(3) 
Without incubation* 2.82+1.40 (3) 1.61+0.53 (4) 


Brain slices incubated for 1 hour at 37°? in pure oxygen. Mean-+Standard 
deviation is presented. Figure in parentheses, number of experiments. 
* The value estimated immediately after the preparation of slices. 


From this result, the transamination between glutamic acid and ox- 
aloacetic acid was indicated to be active in brain slices. Therefore it is 
suggested that oxaloacetic acid may be deficient for the full operation of 
tricarboxylic acid cycle in the presence of L-glutamate. In the presence of 
high concentration of potassium ions the transaminase activity between 
glutamic acid and oxaloacetic acid was inhibited to about one half. But 
in the absence of L-glutamate, potassium ions did not affect the content of 
aspartic acid. The contents of alanine and Y-aminobutylic acid in brain 
slices were not changed significantly even in the presence of L-glutamate. 
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DISCUSSION 


The cerebral cortex slices metabolizing glucose are able to synthetize 
phosphocreatine and glycogen in vitro (22, 23), and an increase of potassium 
ion concentration in the medium augments the oxygen uptake, lactic acid 
formation and glucose utilization, as confirmed by many workers. But the 
concentration of labile P in brain slices are unable to be maintained under 
this condition of augmenting metabolism (2, 8). Findlay, Magee and 
Rossiter (JQ) indicated that an increase of potassium ion concentration 
in the incubating medium causes a decrease in the incorporation of P* into 
the various phosphoric esters of slices of cat brain as well as the omission 
of calcium or the addition of ammonium does. 

On the contrary the results in this paper show that incorporation of 
P® into acid-soluble P and protein-bound P of guinea pig brain slices is 
increased markedly by the addition of excess potassium. Findlay é al. 
(10) carried out their experiments under the isotonic potassium medium 
where most of sodium ions were omitted. In these conditions, the enhance- 
ment of metabolism is never observed even when the excess of potassium 
ions are added, as previously reported (4, 24). Anyhow it is necessary for 
the increase of the incorporation of P* that sodium ions exist together with 
a requisite quantity of potassium ions (Table III). The hypertonicity by 
the addition of NaCl has not any particular effect on P* incorporation. 

In liver slices, an increase of oxygen uptake was not caused even by 
the addition of potassium ions (4), and also the incorporation of P* into 
‘protein-bound P was not affected at all. 

From these findings it seems that the augmented metabolism of glucose 
of brain slices in the presence of excess potassium might be coupled closely 
‘with the phosphorylation mechanism, especially with the turnover of phos- 
phoprotein within the slices. 

In brain slices the specific activity of phosphoprotein was considerably 
greater than that of any other P-containing compounds. Similar results have 
already been reported with brain and liver. This fraction does not contain 
the nucleotide phosphorus, and the residual phosphorus after the removal 
of the acid-soluble, lipid and nucleic acid P, can be fractionated by alkaline 
hydrolysis into an inorganic P (phosphoprotein), an organic fraction and a 
true residue (9, 27). The experiments would indicate that the incorporation 
of P* into phosphoprotein fraction of brain slices is not of a nonspecific 
contamination of P*, but of the active incorporation into the protein due 
to the oxidative metabolism of glucose. The results presented here are also 
in agreement with the findings of Findlay et al. (9) and Engelhardt 
et al. (26). 

Although the chemical nature of phosphoprotein was discussed by many 
workers (9, 25), the precise nature of it in brain tissue is not yet known. 
Vladimirov and others (28, 29) showed that the specific activity of the 
phosphoprotein in brain tissue was increased under the excitatory state in 
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vivo, and on the contrary it was strongly depressed at the hibernation. On 
the other hand, it is thought that the increase of the specific activity of 
phosphoprotein due to the addition of high potassium ions could be concerned 
with the sodium extrusion from the cells requiring the much energy ex- 
penditure. If much of the metabolism is directed towards the maintenance 
of a high gradient of potassium ions between the inside and the outside of 
the cells (30, 31), the enhancement of the phosphorylation would be expected 
for satisfying a greatly increased expenditure of energy. At any rate, the 
phosphoprotein fraction may represent an important role concerning the 
physiological activities of brain. 

Some of the tricarboxylic acid cycle intermediates increased the oxygen 
uptake of brain slices, although the incorporation of P** was not affected 
remarkably. Although L-glutamate which might play an important role in 
brain tissue (37, 32) increases the aerobic metabolism of glucose like the 
addition of potassium ions, it decreases the contents of phosphocreatine of 
brain slices, and also inhibits the incorporation of P*? into the P-containing 
compounds when it is added in the presence of an adequate concentration 
of glucose. 

Although a possible explanation of these observations has been presented 
elsewhere (JO), another consideration may be possible. Table VII shows 
that the addition of potassium ions (107! M4) to the medium containing both 
glucose and glutamate increases further the oxygen uptake, lactic acid 
formation and glucose utilization. This finding does not concur with the 
results of Lipsett and Crescitelli (33). The inhibitory effect of L- 
glutamate on the energy yieiding process is thought to be explained by the 
possibility that the increase of aspartic acid production in the presence of 
glutamate, which is caused by the transamination between glutamic acid 
and oxaloacetic acid, may induce the insufficiency of the operation of the 
tricarboxylic acid cycle, consequently of the oxidative metabolism of glucose. 
These thoughts may be supported by the fact that the inhibitory effect of 
glutamate on the incorporation of P* is depressed by the addition of excess 
potassium ions or fumarate to the medium containing both glucose and 
glutamate, since this addition should result in recovering a loss of oxaloacetic 
acid due to transamination. 


SUMMARY 


1. The enhancement of metabolism of guinea pig brain slices respiring 
in Krebs-Ringer glycylglycine buffer solution by the addition of KCl 
(10-2 M) was accompanied with an increase in the incorporation of P” 
phosphate into the protein-bound P, especially into “ phosphoprotein” P, of 
them. These results were peculiar to the brain slices. 

2. It was quite necessary for an increase of P* incorporation into the 
protein-bound P that the high concentration of potassium ions is added to 
the usual Krebs-Ringer solution without reducing sodium concentration. 
The hypertonicity, which was caused by the addition of NaCl, had no effect 
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on P® incorporation. The omission of sodium ions from the medium being 
replaced by choline caused the remarkable decrease of P** incorporation, but 
the omission of potassium ions had no effect. 

3. The addition of t-glutamate to the medium in the presence of 
glucose inhibited P® incorporation into the protein-bound P, but the further 
addition of KCl (10-44) caused a more increase in the incorporation of 
P*? than the normal control medium. In the case of the further addition 
of fumarate to the medium containing glucose and t-glutamate, the inhibitory 
effect of L-glutamate was rather diminished. By the addition of L-glutamate 
to the medium metabolizing glucose, the content of aspartic acid in the 
slices was increased apparently and that of y7-aminobutyric acid was not 
changed significantly, so the oxaloacetic acid might become insufficient. 
for the operation of tricarboxylic acid cycle. 

4. The incoporation of P* into protein-bound P was not changed 
significantly even by the addition of some tricarboxylic acid cycle inter- 
mediate to the usual medium, although in the further addition of KCL 
(10-1 M) it was increased. 

5. The effect of changing the ionic constituents of medium or adding’ 
some metabolite on the oxygen uptake, aerobic lactic acid formation and 
glucose utilization were also studied. And the relationships between the 
metabolic patterns and the incorporation of P® in the cerebral cortex slices. 
were discussed. : 
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ADDENDA 


After the authors had completed the manuscript of this paper, two reports by Heald 
were published (Heald, P. J., Biochem. J., 66, 659, and 67, 529, (1957)). It was shown that 
the “ phosphoprotein” fraction was implicated in the rapid phosphate-exchange reactions 
promoted by applied electrical pulses in vitro. He assumed the “ phosphoprotein” fraction 
to play a very important role in metabolism and also in function of cerebral tissues, while 
the precise nature of “ phosphoprotein” was not put forward. Also, he reported that the 
specific radioactivity of guanosine di- and tri-phosphates was increased upon the passage 
of electrical pulses through the Slices. It is the authors’ thought that the findings by Heald 
may be related in some aspects to the present observations, though the characteristics of 
the potassium effect are very different from the electrical stimulation studied by Heald. 
Investigations with a finer technique of fractionation than the present one may be intended 


in future. 
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In previous reports it has been shown that Bac. subtilis N’ proteinase 
(BPN’) has the esterase activity (/) and consists of a single polypeptide 
chain having alanine as the amino-terminal residue in both experiments of 
treating BPN’ with trichloroacetic acid solution and diisopropyl fluorophos- 
phate (DFP) (2). As DFP is a typical inhibitor acting on chymotrypsin and 
trypsin, it is of interest to investigate whether DFP reacts with BPN’ or not. 

It has been found by Jansen e¢ al. (3) that the esterase and proteinase 
activities of a-chymotrypsin and trypsin are simultaneously inhibited by 
DFP, suggesting that both activities occur from the same active center in 
an enzyme protein. The diisopropyl phosphoryl (DIP) derivatives of a- 
chymotrypsin (3), f- and 7-chymotrypsin, and trypsin (#4) have been isolated 
in crystalline form, contributing to the investigation of the relation between 
structure and activity of the proteolytic enzymes. Besides such animal and 
neutral proteolytic enzymes, a proteolytic enzyme of Bac. subtilis, “ subtilisin ”, 
was inhibited by DFP (5,6). It has also been found by the present authors 
that the esterase and proteinase activities of BPN’ were simultaneously in- 
hibited by DFP and the inhibited compound was isolated in a stable 
crystalline form. 

Furthermore, since the behavior of Seorcolsate enzyme towards some of 
protein inhibitors would offer a clue in solving some of the important 
questions, reactions of BPN’ with soy bean-trypsin inhibitor, which is a 
trypical naturally occurring trypsin inhibitor found by Kunitz (7, 8), and 
some inhibitors from other source materials were examined, and then it was 
found that BPN’ was completely inhibited by crude extracts from potato 
and broad bean, as reported by Matsushima (9), but there is no decrease 
in the activity of BPN’ in the presence of soy bean-trypsin inhibitor under 
various conditions. These facts are highly interesting in the investigation 
of the active area of BPN’ compared with the other proteolytic enzymes. 
The present paper reports the results of experiments designed to determine 
the question of whether the enzyme BPN’, though it has a broad specificity 
against trypsin (10), can be essentially distinguished from trypsin or not. 
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MATERIALS AND METHOD 


BPN’* recrystallized twice (J, //) was used after washing with 45 per cent acetone. 
The protein concentration was determined from the optical density at 280 my in which 
the conversion factor to protein mg. per ml. was about 0.88. 

Trypsin used was a commercial sample from the Mochida Pharm. 

Diisopropyl fluorophosphate was kindly supplied by Mr. T. Ikenaka of Akabori 
Laboratory. : 

Crystalline soy bean-trypsin inhibitor was obtained according to the method of Kunitz 
(8), and its crude material was obtained by extracting soy bean with 0.25 N H,SO, after 
ethanol washing. 

The crude extracts from potato and broad bean were prepared according to the 
method reported by Matsushima (9) as follows: a) potato—Thirty g. of washed potato 
was breied and homogenized with 30ml. of 0.1. N HCl containing 1 per cent NaCl for 1 
hour at room temperature. Starch was separated by decantation and the supernatant 
solution was heated at 65° for 5 minutes and cooled rapidly. After centrifugation, the 
supernatant solution was used as the crue material. 6) broad bean—Thirty g. of the powder 
was extracted with 1 per cent NaCl for 1 hour at 30° occasionally stirring, and the 
suspension was filtered. The filtrate was boiled at 80° for 3 minutes and rapidly cooled, 
after adjusting the pH to 2.5 with N HCl. The resulting colloidal suspension was filtered, © 
and the filtrate was used as the crude material. ‘ 

Assay methods for proteinase and esterase activities were reported previously (J, JJ), 
in which casein was used as a substrate for the former and methyl butyrate for the latter. 

Inhibition experiments by the crude materials were carried out as follows: After 
Iml. of about 0.001 per cent BPN’ solution was preincubated with 2ml. of the extracts 
previously adjusted the pH to 7.0 with M/2 Na,HPO, for 10 minutes at 30°, the residual 
proteolytic activity was measured according to the method described in previous paper (/). 
Control was also tested without inhibitors. The method of inhibition experiment with 
crytalline soy bean-trypsin inhibitor and DFP was similar to that mentioned above and 


described in each section of results. 


RESULTS 


Inhibition of Esterase and Proteinase Activities of BPN’ by DFP—The reaction 
with DFP was carried out in the following manner: A stock solution of 
10-* M DFP was prepared by dissolving in anhydrous isopropanol, and from 
this stock solution of DFP, solutions of desired concentrations containing 10 
per cent of isopropanol were prepared and used within 2 hours. Two ml. 
of DFP solution of each concentration ranging from 107° to 10-§ AZ was 
reacted with 2ml. of enzyme solution (about 3mg. per ml.) at pH 75,to 
8.0** for 30 minutes at 30°. An aliquot was removed at intervals and the 
esterase activity was assayed and the proteinase activity after dilution about 
100 times with M/20 phosphate buffer of pH 8.0. The proteinase activity - 
of BPN’ was completely inhibited by excess DFP within 5 minutes at pH 
7.5, in which the enzyme was very stable (J), similar to a-chymotrypsin (3). 


* Crystalline material was kindly supplied by Nagase & Co. Ltd. 
** The reaction proceeded in the same manner at pH 7.0 to 8.5. 
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Although it was sufficient to react BPN’ with DFP during a short time, it 
was allowed to stand for 30 minutes in the following experiments in order 
to be certain. 

The effect of various concentrations of DFP on both activities of BPN’ 
is shown in Fig. 1; like the result obtained by Jansen e al. (3) it was 
shown that the esterase and proteinase activities decreased simultaneously 
with concentration of the inhibitor, the concentration which caused 50 per 
cent inhibition being about 2.96 x 10-° M, and so the ratio of DFP combined 
with BPN’ was 1.13, assuming the molecular weight of BPN’ to be 30,500 (2). 


INHIBITION (€%) 


3 4 5 6 
-LOG MOLAR CONCENTRATION OF DFP 


Fic. 1. Inhibition of the protoeinase and esterase 
activities of BPN’ by DFP. 

The concentration of BPN’ was 1.6mg. protein per 
ml, of M/20 phosphate buffer of pH 8.0. The reaction 
time was 30 minutes at 30°. --X--: esterase activity, 
—(QO-—: proteinase activity. 


Crystallization of DIP-BPN’—After about 1g. of twice recrystallized BPN’ 
was washed with 45 per cent acetone, it was dissolved in 50 ml. of 0.01 Wf 
sodium acctate of pH 8.0, and freshly prepared, excess DFP (20 to 50 fold) 
dissolved in acetone was added to this enzyme solution. After standing for 
30 minutes at 30°, adjusting the pH to 8.0 with N NaOH, excess acetone 
was added to the reaction mixture and the DIP-BPN’ complex was collected 
by centrifugation. The precipitate was dissolved in a small volume of dis- 
tilled water and acetone was gradually added to the solution until it becomes 
turbid slightly (about 35 to 40 per cent acetone in final). Gelatinous sub- 
stance sticked on the wall of glass tube, which could be dissolved in acidic 
condition, was removed and standing in a refrigerator for one to several 
hours, and then large rod crystals were obtained. Recrystallization was 
done by the following procedure: The crystals collected was dissolved by 
adjusting the pH to 9.5 with N NaOH and after centrifugation the pH of 
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the solution was adjusted to 7.0 with NV CH;COOH or HCI, and, if necessary, 
acetone was added. ‘Thus the crystals were repeatedly obtained. When the 
crystals were washed with acetone (40 per cent) or dialyzed against distilled 
water, residual DFP was almost removed. The photograph (Fig. 2) shows 
the crystals of DIP-BPN’. 

Some Propzrtis of DIP-BPN'—(a) As shown in the photograph, crystals 
of DIP-BPN’ are similar to those of BPN’ slowly grown in a refrigerator, 
but, its solubility is lower than that of BPN’, namely DIP-BPN’ is not 
dissolved by 30 per cent acetone. (b) DIP-BPN’ recrystallized three times 
had a proteinase activity of about 0.14 per cent of the original active pro- 
teinase at pH 7.5 and 0.17 per cent at pH 10.0, similar to* the other 
proteolytic enzymes (/2-14). (c) In order to find if the DIP-derivative 
becomes susceptible to the original active proteinase, a following experiment 


Fic. 2. Crystalline DIP-BPN’ (x 2400) 


was carried out. Five ml. of about 0.05 per cent BPN’ was added to 10 ml. 
of about 0.14 per cent DIP-BPN’ solution (pH 8.2) dissolved in 4/20 
phosphate buffer at 30° (the final ratio of DIP-BPN’ to BPN’ was 5:1 w/w) 
and at intervals, an aliquot was removed and precipitated with 1.2 M 
trichloroacetic acid solution to terminate the enzyme action. The absorption 
of the filtrate of the precipitated solution at 280 my was determined and 
DIP-BPN’ was found to be not affected at all by BPN’ after incubation for 
120 minutes as showa in Fig. 3, On the contrary, DIP-BPN’ previously 
heated at 90° for 30 minutes was digested rapidly by BPN’ within several 
minutes. This result showed that BPN’ does not become susceptible even 
after modification by DFP. (d) Electrophoretic behavior showed the 
homogeneity of DIP-BPN’ at pH 7.5 and 8.0, and it migrated towards the 
anode. (e) Absorption spectrum of DIP-BPN’ was similar to that of BPN’. 
(f) ‘Vhe molecular weight of DIP-BPN’, was about 31,000 to 32,000 by 
monomolecular film measurements* (cf The molecular weight of BPN’ was 


* We are indepted to Mr. Lkeda of Isemura Laboratory for the measurement of 
molecular weight of DIP-BPN’ and of BPN’. 
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assumed to be 30,500 or 31,300 (2).). (g) The amino-terminal amino acid 
residue was one mole of alanine (2). 


OPTICAL DENSITY Cat 280 mu ) 


0 20 40 60 80 100 120 
DIGESTION TIME C minutes ) 


Fic. 2. Digestion course of DIP-BPN’ treated with and without heat 
by BPN’. 

Five ml. of 0.05 per cent BPN’ solution dissolved in M/20 phosphate 
buffer of PH 8.0 was added to 10 ml. of 0.14 per cent DIP-BPN’ solution 
treated with and without heat (90° for 30 minutes) and at intervals 
the optical density of soluble material in concentrated TCA solution was 
measured at 280myu. —C-—: treated, --xX--: non-treated. 


TasLeE I 
Inhibition of BPN’ by Some Crude Extracts 


; == 
Potato 


Soy bean Broad bean 


Inhibitor | 
SP = a = = = 


Activity of BPN’* | 0.048 0.061 | 0.002 0.058 0.000 0.064 


Inhibition (2) 21 97 100 


* Optical density at 6€0 my corrected for blank test. 


Reaction of BPN’ and Soy Bean-Trypsin Inhibitor—Trypsin activity was 
tested during the over-all process of this inhibition experiments for reference. 
Although trypsin was approximately inhibited by this inhibitor, BPN’ was 
not inhibited even when a large excess of the inhibitor was applied in the 
pH range of 6 to 8.5. Examination was made to elucidate whether com- 
pétition between substrate and inhibitor was present or not when the 
substrate concentration was lowered, but no inhibition was found. Accord- 
ingly it was concluded that BPN’ was not inhibited by the soy bean-trypsin 


inhibitor. 
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Reactions of BPN’ and Crude Extracts of Potato, Broad Bean, and Soy Bean.—As 
shown in Table I BPN’ was not particularly inhibited by the soy bean 
extract, but strongly inhibited by the extracts from potato and broad bean. 


DISCUSSION 


It was found that both esterase and proteinase activities of BPN’ were 
simultaneously inhibited by DFP, similar to the result of chymotrypsin and 
trypsin (3), suggesting that the activities might be derived from an active 
area of the enzyme protein. However, crystalline soy bean-trypsin inhibitor 
did not inhibit the proteinase activity of BPN’. On the contrary, this 
enzyme was strongly inhibited by the extracts, though crude, from potato 
and broad bean, as also shown by Matsushima (9). In Table II the 


TABLE II 


Degree of Inhibition of BPN’ and Trypsin by Some Naturally 
Occurring Inhibitors 


Inhibitor Trypsin BPN’ 
Crystalline soy bean Ht | — 
Crude soy bean tH + 
Crude broad bean | + (9) diy 
Crude potato \ 4H (9) | Hy 


relationship between some inhibitors and two proteolytic enzymes BPN’ and 
trypsin, was roughly shown. It may be considered that trypsin inhibitor 
and BPN’ inhibitor from soy bean are two different substances and its 
trypsin inhibitor acts specifically on trypsin. A similar consideration may 
be applied on the broad bean extract. Recently Sohonie and Ambe 
(15) have crystallized two kinds of trypsin inhibitor from potato and it 
must be interesting to compare the inhibition feature on trypsin and BPN’. 
Additionally, considering the fact that BPN’ has a broad specificity (10) 
and behavior towards the inhibitors, there may be an interesting relation 
between structure and activity, involving specificity, of the proteolytic enzyme, 
Since DFP uniformly inhibits the activity of some proteolytic enzyme, such 
as chymotrypsin, trypsin and bacterial proteinases, which have different 
specificities and structures, it is considered that at least the inhibitor, DFP, 
does not react with the groups determining the specificity of the enzyme, 
but with some groups that are directly necessary for the activation of the 
peptide or ester bond and that are common to all those enzymes, as suggested 
previously (J6, J7), although the reaction between inhibitor and enzyme 
might be a different one from the reaction between substrate and enzyme. 

According to the analysis of DIP-derivatives of chymotrypsins and 
trypsin (12) they contain one mole of phosphorus and two alkyl groups per 
protein molecule, but in the case of BPN’ described in this paper no chemical 
analysis was made, and accordingly, it is uncertain whether BPN’ reacts 
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with DFP in the molar ratio of one to one or more. Chemical anlyses of 
phosphorus and alkyl groups contained in DIP-BPN’ and of the amino acids 
or peptides in the protein combining with DIP-radical will be carried out-in 
the future. 

The fact that the soy bean-trypsin inhibitor did not react with BPN’ 
may suggest that the inhibitor has a high specificity and BPN’ has a 
different structure in the region of active area from trypsin, and moreover, 
DFP, a small molecule, must react at least with a certain common site at 
the active area of the proteolytic enzymes. 

The gelatinous substance removed on purification of DIP-BPN’ may be 
some peptides binding with BPN’ as suggested on the reaction of DFP with 
chymotrypsin (/8). 

The fact that DIP-BPN’ was not digested by BPN’, measuring the 
absorption at 280 my, shows that BPN’ was not affected by modification 
with DFP in regard to its susceptibility to BPN’ and so it will be a native 
protein (/9). 


SUMMARY 


The proteinase and esterase activities of bacterial proteinase were 
simultaneously inhibited by diisopropyl fluorophosphate, and the diisopropyl 
phophoryl] derivative was obtained in a stable crystalline form. Using the 
proteinase method it was also confirmed that the secondary structure of 
bacterial proteinase is never altered by its reaction with diisopropyl fluoro- 
phosphate, and some properties of the derivative were shown. Contrary to 
trypsin, the bacterial proteinase was not inhibited under various conditions. 
However, this proteinase was strongly inhibited by the crude extracts from 
potato and broad bean. Then, some discussions were made on the relation 
between inhibitor and enzyme. 


The authors wish to express their many thanks to Prof. K. Okunuki and Dr. B. 
Hagihara for their kind advices through this work, to Mr. T. Ikenaka for his gift 
‘of DFP, and also to Nagase & Co., Ltd. for the gift of crystalline bacterial proteinase. 
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The base composition of the ribonucleic acid (RNA) from tobacco 
mosaic virus (TMV) has been very extensively investigated (/-3). It has 
been shown that the content of adenine is higher than that of guanine. 
Recently, Raddi and Knight (4) reported on the base ratio of trichloro- 
acetic acid-precipitable material after pancreatic ribonuclease (RNase) diges- 
tion of TMV nucleic acid. It is clear from their results that the RNase- 
resistant residue of the TMV-RNA is more abundant in adenine than the 
original —TMV-RNA, in contrast to the cases of RNA from pig liver and 
yeast (5-6). 

This fact appears to provide a useful means for the elucidation of the 
structural difference among these RNAs. In the present studies, the base 
ratios of the nondialyzable materials in the RNase digests of TMV and 
yeast RNAs were determined. It was thus found that the action of RNase 
on these two RNAs produces resistant fractions which are remarkably richer 
in adenine (TMV-RNA) or guanine (yeast RNA) than their original RNAs. 


MATERIALS AND METHODS 


Pancreatic RNas:—The enayme used in the study was a crystalline preparation obtained 
from Worthington Biochemical Sales Corporation. 

Ribonucleic Acid from Tobacco Mosaic Virus (TMV-RNA)—TMV (ordinary strain) was 
isolated from infected tobacco leaves by fractional centrifugation according to the method 
of Knight and Stanley (7). The nucleic acid of the virus was detached from protein 
by heating for 1 minute as described by Knight (/) and purified by acid precipitation. 
(P, 7.8 per cent) i 

Yeast Ribonucleic Acd—Commercial yeast RNA (sodium salt, Schwarz). (P, 8.3 per cent) 

Digestion with RNase—14mg. of TMV-RNA were dissolved in 2ml. of 0.25 M Tris 
buffer of pH 7.6. Since a decrease in the pH was caused when the RNA went into solu- 
tion, the pH was carefully readjusted by the addition of N NaOH. To the solution, 
56 wg. of crystalline RNase in 0.5 ml. of the same buffer were mixed and incubated at 37° 
for 18 hours. After incubation, the mixture was dialyzed in a cellophane tubing against 


* Present adress: Shionogi Research Laboratory Shionogi Co., Ltd. 192 Imafuku, 


Amagasaki-shi Hyogo Pref., Japan. 
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3 liters of cold distilled water overnight with three changes of water. 

50g. of sodium salt of yeast RNA were dissolved in 500 ml. of distilled water and de- 
proteinised by chloroform gel formation and exhaustively dialyzed. The inside liquid 
(concentrated to 250ml.) was digested with 8.5mg. of crystalline RNase at 37° for 18 
hours with frequent addition of NaOH to maintain the pH at 7.2. After incubation, the 
reaction mixture was throughly dialyzed in a cellophane tubing against distilled water and 
the inside liquid was lyophilized. 

Determination of Base Ratio—This was carried out by the method of Smith and 
Markham (8) with a solvent system composed of ?¢zrt-butanol and HCl. 


RESULTS AND DISCUSSION 


Table I and Fig. 1 show the base ratios of TMV- and yeast RNA be- 
fore and after RNase digestion. It can be seen that TMV-RNA has higher 
content of adenine than yeast RNA, and that a remarkable increase in the 
adenine content takes place after the digestion of TMV-RNA. Yeast RNA, 
on the other hand, is rich in guanine and the guanine content increases 
after the digestion. 

The results described above also show that the adenine content of our 
RNase-resistant fraction obtained by dialysis is higher than that of the 


TABLE [ 


The Ratios of the Bases Found in Nucleic Acids from TMV and Yeast 
before and after RNase Digestion 


Base ratio* 
Sample Pu/Py 
A G U (6) 
TMV-RNA 
Before RNase digestion 10 Sal 10.1 627 ie! 
RNase resistant material 10> 3 5.6 268 4.5 2ee 
Yeast-RNA 
Before RNase digestion 10 125 SA i) a7 bes 
RNase resistant material | 10 | 17.8 | 4.2 45 3 
* A. Adenine. | Gi. Guanine ss Uls Oracil Gi Cytosine. 


TCA-precipitable portion reported by Knight (4). From the comparison 
of Pu/Py ratios of the both preparations, it is indicated that our sample 
has a smaller average molecular weight than that of Knight. It does not 
seem unreasonable from these facts to consider that the adenylic acid 
residues in ‘T’MV-RNA are unequally distributed and its considerable por- 
tions is concentrated in nondialyzable oligonucleotide fractions which resist 
the RNase c-gestion. In yeast RNA, on the other hand, the guanylic acid 
residues are considerably concentrated in Jarger molecular fractions obtained 
by RNase digestion of the original RNA. 
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Fig. 1. Chromatographic detection of 
the bases. 

Each sample was hydrolyzed with 1 NV 
HCI for 1 hour at 100° and chromato- 
graphed using ?ert.-butano!-HCI-H,O as 
a solvent. 

T: TMV-RNA. 

TR: RNase resistant material of 

TMV-RNA. 
Adenine. 
Guanine. 
Cytidylic acid. 

Uridylic acid, 


E-0 2 > 


SUMMARY 


The base ratios of yeast and TMV-RNA were compared with those of 
their nondialyzable RNase-resistant material. Remarkable increase in the 
proportion of adenine was observed in the case of RNase digestion of TMV- 
RNA, while RNase-resistant material from yeast RNA had a higher guanine 
content than its starting material. 
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TO THE LIGNIN BIOSYNTHESIS 


By TAKAYOSHI HIGUCHI 


(From the Laboratory of Wood Chemistry, Faculty of Agriculture, 
University of Gifu, Naka, Gifu) 


(Received for publication, April 16, 1958) 


It has been reported by Freudenberg et al. (J) that coniferous 
lignin is formed from coniferyl alcohol under the influence of mushroom 
“ phenodehydrogenase ” and oxygen. In “The Enzymes” edited by Sumner 
and Myrb4ck, descriptions of the phenoldehydrogenase are also found (2), 
but the properties of the enzyme have not yet been characterized. 

Mason and Cronyn (3) confirmed recently that the oxidation of 
coniferyl alcohol was catalyzed by crude mushroom extracts, but the purified 
mushroom polyphenol oxidase (tyrosinase) the oxygen consumption was 
negligible. In previous papers, dealing with laccase of Japanese lacqueur 
and wild mushroom (Lactarius piperatus), the present author (4, J) reported 
that Freudenberg’s phenoldehydrogenase might probably be a laccase. 

Further experimental results on this problem, using a variety of phenyl- 
propane compounds related to lignin as substrates, are described in the 
present report. 


MATERIALS AND METHODS 


Mushroom (Psalliota campestris) Phenol Oxidase—Fruit bodies of the mushroom cultivated 
at Sekigahara, Fuwa District, Gifu prefecture, were collected on the morning of May 16, 
1957. In the afternoon of that day, fresh fruit bodies (about 800g.) were homogenized 
with some amounts of cold phosphate buffer (1/15 M4, pH 6.8) in a Waring blendor. The 
homogenate was squeezed through lint, and about | liter of a brown extract was obtained. 
Further steps of the preparation method from this brown solution were the same as those 
described in Freudenberg’s report (6). 

Laccase of Japanese Lacqueur—According to the method of Yakushiji (7), 2 liters of 
cold acetone was added under stirring to about 800 g. of commercial Japanese lacqueur. 
-The brown colored acetone solution was filtered, and the sediment was well washed with 
cold acetone until the filtrate became colorless. The sediment was extracted overnight 
with 1.5 liter of distilled water in a refrigerator. The extract containing the laccase was 
filtered on a Buchner funnel, and 750g. of solid (NH4),SO, was added to the filtrate 
(about 1.5 liter, blue colored solution) under continuous stirring. The precipitate was 
centrifuged off, and then solid (NH,),SO, was added to the supernatant at 40’ until 
saturation. The blue precipitate was collected by c2ntrifugation and was dissolved in small 
amounts of distilled water. This was used as an enzyme solution after dialysis. 

Poiaio Tyrosinase—The outer part of the potato tuber, abut | cm. thick, was homogenized 
with a small amount of distilled water in a Waring blendor, and about 500g. of the 
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homogenate was obtained. The homogenate was extracted by 250ml. of cold distilled 
water. Then, 150ml: of cold acetone was added to the extract under continuous stirring. 
The precipitate was centrifuged off, and further 200 ml. of cold acetone was added. The 
precipitate was collected by centrifugation and was dissolved in 25 ml. of phosphate buffer 
(1/15 M, pH 6.8). This was used as an enzyme solution (8). 

Substrates—e-Hydroxypropiovanillone, guaiacylacetone and vanilloyl methyl ketone were 
synthesized according to the method of Hibbert (9-//), and p-hydroxycinnamic acid, 
caffeic acid, ferulic acid, and synap acid were synthesized by condensing p-hydroxybenzal- 

dehyde, protocatechuic aldehyde, vanillin, and syringic aldehyde, respectively, with malonic 

acid according to the method of Kratz! (72). Coniferyl alcohol and guaiacylglyceroi 
were prepared by the lithium aluminum hydride reduction of ethylacetoferulate and a,- 
diacetoxyacetylhydroferulic acid methylester after Allen and Byers (/3), and Adler 
(14), respectively. Vanillic acid and syringic acid were prepared by the method of Pearl 
(15). Syringic aldehyde was obtained by the alkaline nitrobenzene oxidation of lignin of 
beech wood (/6), and syringoyl methyl ketone was prepared also by the ethanolysis of the 
lignin of bamboo (/7). 

Propylguaiacol and a,6-diacetoxyacetylhydroferulic acid methylester were kindly provided 
by Dr. H. Mikawa of the Research Laboratory of the Kokusaku Pulp Industrial Co. Ltd. 
Dihydroconiferyl alcohol and 4-ethyl guaiacol were provid:d kindly by Dr. H. Matsubara 
of this Faculty and Dr. T. Yokotsuka of the Noda Industrial Science Laboratory, 
respectively. Other reagents used were commercial samples. 

Manomeiric Procedure—The following system was used in the Warburg experiments: 
Main compartment; 204M of substrates dissolved in 1 ml. phosphate buffer (1/15 M, pH 
6.8) and distilled water I1ml. Side arm; Enzyme solutions 0.3 ml. Center well; 15 per 
cent KOH 0:2 ml. Total volume of fluid 3.0 ml. 

The experiments were run at 30’. The influence of CO on the enzyme activity was 
tested with respirometers filled with a gas mixture of 90 per cent CO+10 per cent Os, 
and with that of 90 per cent N.+10 per cent Os as control. 


RESULTS 


Mushroom (Psalliota campestris) Phenol Oxidase—The oxygen consumption by 
p-hydroxyphenyl-, 3,4-dihydroxyphenyl-, guaiacyl-, 3,4,5-trihydroxyphenyl- 
and syringyl derivatives in the presence of mushroom phenol oxidase is 
shown in Fig. 1, A-D. It can be noted that monophenols inclusive of p- 
cresol and tyrosine were readily oxidized by this enzyme to dark brown 
products, and the oxidation was characterized by the presence of induction. 
periods of 10-30 minutes (Fig. 1, A, tyrosine) which were removed by the 
addition of a small amount of catechol. On the other hand, 3,4-dihydro- 
xyphenyl derivatives were rapidly oxidized to melanin like compounds by 
the enzyme with no induction period (Fig. 1, B). These facts are in agree- 
ment with commonly accepted properties of the tyrosinase. 

However, the enzyme had a strong oxidizing activity on guaiacyl- and 
syringyl derivatives as well as on the above mentioned mono- and ortho 
phenols; nevertheless, the oxidation of these compounds could not be 
catalyzed by potato tyrosinase as indicated in the following section. Fig. 1, 
C and D, show the rate of oxygen consumption as a result of enzyme ac- 
tion on guaiacyl- and syringyl derivatives. Of guaiacyl derivatives, dihy- 
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Fic. 1, A. #-Hydroxyphenyl deriva- 
tives. 

1. p-hyrdoxybenzoic acid, 2. p-hy- 
droxybenzaldehyde, 3. p-hydroxycinnamic 
acid, 4. tryosine, 5. p-hydroxyphenylpro- 
pionic acid, 6. p-cresol. 
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Fic. 1. B. 3,4-Dihydroxyphenyl de- 


rivatives. 

1. protocatechuic acid, 2. 
quinone, 3. caffeic acid, 4. 
techuic aldehyde, 5. catechol, 
dihydroxypheny] alanine. 
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Fic. 1. C. Guaiacyl derivatives. 

1. vanillin 2. e-hydroxypropiovanil- 
lone, 3. isoeugenol, 4. vanilloyl methyl 
ketone, 5. eugenol, 6. coniferyl alcohol; 
7. propylguaiacol, 8. vanillic acid, 9° 
guaiacyl acetone, 10. ferulic acid, 11 
guaiacyl glycerol, 12. 4-ethyl guaiacol’ 
13, guaiacol, 14. dihydroconiferyl alcohol. 
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TIME (minutes) 


Fic. 1. D. 3,4,5-Trihydroxypheny]l- 
and syringly derivatives. 

1. syringic acid, 2. syringic aldehyde, 
3. synap acid, 4. pyrogallol, 5. gallic acid. 

The dotted lines indicate succes- 
sively from the bottom, amounts of 
oxygen equivalent to 0.5, 1.5, 2.5 and 
3,0 atoms per molecule of substrates. 


Fig. 1. Oxygen consumption by various substrates in the presence of mushroom 


phenol oxidase. 
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droconiferyl alcohol, 4-ethyl guaiacol, propylguaiacol, guaiacylacetone, 
eugenol, coniferyl alcohol and ferulic acid were oxidized rapidly, while 
guaiacol, guaiacylglycerol, isoeugenol and vanillic acid absorbed oxygen 
moderately, and vanilloyl methyl ketone, a@-hydroxypropiovanillone and 
vanillin took up oxygen at slower rates. Further, it is shown clearly in 
Fig. 1, G that oxygen consumption by coniferyl alcohol as well as by 


TABLE [ 


Color Changes Observed When Mushroom Phznol Oxidase, Laccase of Japanese Lacqueur 
and Potato Tyrosinase Act on Phenolic Substances 


Substrate 
p-Hydroxybenzaldehyde 
p-Hydroxybenzoic acid 
p-Cresol 


p--Hydroxyphenylpropionic acid 


p-Hydroxycinnamic acid 
Tyrosine 

Catechol 

Protocatechuic aldehyde 
Protocatechuic acid 
Caffeic acid 

DOPA 

Hydroquinone 

Guaiacol 

Vanillin 

Vanillic acid 

4-Ethyl guaiacol 

Ferulic acid 

Eugenol 

Isoeugenol 
Propylguaiacol 
Coniferyl alcohol 
Dihydroconiferyl alcohol 
a-Hydroxypropiovanillone 
Guaiacylacetone 
Vanilloyl methyl ketone 
Guaiacylglycecol 
Pyrogallol 

Gallic acid 

Syringic aldehyde 
Syringic acid 


- Synap acid 


| 


Mushroom 


phenol oxidase 


None 
None 
Dark brown 
Brown 
Light brown 
Black 
Dark brown 
Dark brown 
Dark brown 
Dark brown 
Black 
Red brown 
Red brown 
Light brown 
Light brown 
Milky 
Light brown 
Milky 
Milky 
Milky 
Milky 
Milky 
None 
Milky 


Yellow brown 


Brown 
Dark brown 
Dark brown 
Red brown 
Red brown 


Red brown 


Laccase of 
Japanese 


lacqueur 


None 
None 
Milky 
Light brown 
Light brown 
None 
Dark brown 
Dark brown 
Dark brown 
Dark brown 
Black 
Red brown 
Red brown 
Light brown 
Light brown 
Milky 
Light brown 
Milky 
Milky 
Milky 
Milky 
Milky 
None 
Milky 
Yellow brown 
Brown 
Dark brown 
Dark brown 
Red brown 
Red brown 
Red brown 


Potato tyrosinase 


None 
None 
Dark brown 
Brown 
Brown 
Black 
Dark brown 
Dark brown 
Dark brown 
Dark brown 
Black 
Light red brown 
Light red brown 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 


None 


| Dark brown 

| Light brown 
None \ 
None 


None 
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eugenol in this case is equivalent to about 0.5 atom per molecule, and the 
oxidation product of coniferyl alcohol is a pale brownish white polymer as 
pointed out by Freudenberg (J). ue 

Pyrogallol, gallic acid, syringic acid and syringic aldehyde were oxidized 
rapidly, whereas synap acid was oxidized at a less rapid rate (Fig. 1, D). 

Furthermore, a more important fact is that the use of hydroquinone as 
substrate, for the sake of comparison with the action of the laccase caused 
a rapid uptake of oxygen (Fig. 1, B). 

Table I summarizes the color changes of substrates brought about by 
the action of mushroom phenol oxidase, laccase of Japanese lacqueur and 
potato tyrosinase. As seen in Table I, mono- and ortho phenols are oxidized 
generally by potato tyrosinase to a brown black colored product with a 
quinone structure. On the other hand, laccase of Japanese lacqueur 
catalyzes the oxidation of ortho phenols in a similar way, but the effect on 
monophenols such as f-cresol and tyrosine is distinctly different from that 
of tyrosinase, viz., p-cresol is oxidized to a milky product and tyrosine is not 
oxidized at all. Further, the oxidations of guaiacyl- and syringyl deriva- 
tives are catalyzed by laccase but not by tyrosinase. The oxidation products 
of guaiacyl compounds in many cases are a milky cloudy precipitate. 

According to Freudenbergand Richtzenhain (6, 18, 19), these 
products may be formed partly by reactions involving the loss of phenolic 
hydroxyl groups and the formation of ether linkages, ze. reactions quite 
similar to those which are assumed to occur in lignin formation. 

On the other hand, the oxidation products of syringy] compounds are 
reddish brown colored polymers which may be considered to possess 6-quinone 
structures (20), 

As for the mushroom enzyme, it may be appropriate to consider judg- 
ing from the color of oxidation products that the enzyme is a mixture of 
both laccase and tyrosinase because both tyrosine and p-cresol are oxidized 
to brownish black products (tyrosinase activity), whereas guaiacyl- and 
syringyl compounds are oxidized respectively to a milky and a red brown 
product (laccase activity). 

If the enzyme is a mixture of both tyrosinase and laccase, and the 
oxidation of guaiacyl- and syringyl derivatives is catalyzed by laccase, then 
carbon monoxide should be expected to inhibit the action with mono- 
phenols and ortho phenols, as substrates but not with hydroquinone, guaiacyl- 
and syringyl derivatives, since tyrosinase is without action on the latter 
substances. Actually, as shown in Table II, carbon monoxide inhibited the 
oxidation of monophenols, 3,4-dihydroxyphenyl- and 3,4,5-trihydroxyphenyl 
compounds, whereas the oxidation of hydroquinone, guaiacyl- and syringyl 
derivatives were not affected. Further, the inhibition of the oxidation of 
tyrosine and p-cresol amounted to 65-70 per cent, while in the case of 
catechol and pyrogallol, the extent of carbon monoxide inhibition remained 
only about 40-50 per cent. 


Laccase of Japanese Lacqueur—In order to confirm the above mentioned 
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TABLE II 
Influence of Carbon Monoxide on the Mushroom Phenol Oxidase Activity 
ul. Oy uptake pl. Og uptake Degree of 
Substrate per 10 min, per 10 min. inhibition 

90% Ne+102% O, 90% CO+10% O, % 
p-Cresol 128 44 66. 
p-Hydroxyphenylpropionic acid 140 65 54 
Tyrosine 51* 15* 71 
Catechol 175 90 49 
Protocatechuic aldehyde 120 85 41 
Protocatechuic acid 98 55 44 
Caffeic acid 86 52 40 
DOPA 94 58 38 
Hydroquinone 146 148 0 
Guaiacol 68 72 0 
Vanillin 15* 14 0 
Vanillic acid 30 32 0 
4-Ethyl guaiacol 95 96 0 
Ferulic acid 60 61 0 
Eugencl 80 85 0 
Isoeugenol 21 24 0 
Propylguaiacol 79 79 0 
Coniferyl alcohol 70 72 0) 
Dihydroconiferyl alcohol 11S 112 0 
a-Hydroxypropiovanillone 18* 16* 0 
Guaiacylacetone 74 76 0 
Pyrogallol 180 106 41 
Gallic acid 124 80 35 
Syringic aldehyde 85 81 0 
Syringic acid 79 80 0 
Synap acid 72 72 0 


* ul. O2 uptake per 30 minutes was read because in the oxidation of tyrosine, 


20 minutes of induction period was given, whereas with vanilin and a-hydroxypro- 
piovanillone, the rates of oxidation were remarkably slow. 


finding, a similar experiment was made using the well known laccase of 
Japanese lacqueur. As shown in Fig. 2, B-D, the rates and degrees of oxygen 
consumption by the enzyme action upon 3,4-dihydroxyphenyl-, guaiacyl- 
and syringyl compounds are generally in agreement with the results of the 
preceeding section. The oxygen consumption by both coniferyl alcohol and 
eugenol were equivalent to about 0.5 atom per molecule, as was the case in 


the presence of the mushroom phenol oxidase. 


Further, the oxidation 


product of coniferyl alcohol in this case was very similar to that of 
Freudenberg’s “ Dehydrierungs polymerisate ” cf coniferyl alcohol. On 
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the other hand, p-cresol was oxidized weakly to a pale brownish milky 
product, whereas tyrosine was not oxidized at all, and the oxidation of p- 
hydroxyphenylpropionic acid was very weak as compared to that by the 
mushroom enzyme (Fig. 2, A). Above all, it is worthy of note that the 


150 


Fig. 2. A. ~-Hydroxyphenyl 
derivatives. 

1. p-hydroxybenzoic acid, p- 
hydroxybenzaldehyde and tyrosine, 
2. p-hydroxyphenylpropionic acid, 
3. p-cresol, 4. p-hydroxycinnamic 
acid, 
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rivatives. $ 
1. protocatechuic acid, 2. catechol 3. Ce aks 
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oxidation of all the compounds used in the experiment was not inhibited 
by carbon monoxide. ‘Thus, it is quite probable that the mushroom enzyme 
is a mixture of both tyrosinase and laccase, and Freudenber g’s ob- 
servation on the oxidation of guaiacyl- and syringyl derivatives by mushroom 
enzyme should be ascribed to the action of laccase rather than that of a 
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Fic. 2. C. Guaiacyl deriva- 
tives. 

1, vanillin, 2. e-hydroxypropio- 
vanillone, 3. isoeugenol, 4. vanilloyl 
methyl ketone, 5. eugenol, 6. co- 


niferyl alcohol, 7. vanillic acid, 8.. 


guaiacylglycerol, 9. ferulic acid, 10. 
guaiacol, 11. propylguaiacol, 12, 
guaiacyl acetone, 13. 4-ethyl guaia- 
col, 14. dihydroconiferyl alcohol. 
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Fig. 2. D. 3,4,5-Trihydroxy- 
phenyl- and syringyl derivatives. 

1. syringic acid, 2. syringic 
aldehyde, 3. synap acid, 4. gallic 
acid, 5. pyrogallol. 


80 100 


FIG. 2. Oxygen consumption by various substrates in the presence of laccase 


of Japanese lacqueur. 
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5. 3,4-dihydroxyphenylalanine. 200 
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special new enzyme, phenoldehydrogenase. 

Potato ‘Iyrosinase—Monophenols and 3,4-dihydroxyphenyl compounds 
were readily oxidized at a similar rate as observed in the case of the 
mushroom enzyme (Fig. 3, A and B). Pyrogallol was oxidized rapidly, 
whereas gallic acid was oxidized at a slower rate. 


Fic. 3. C. Guaiacyl derivatives. 2 a 
_ 1. vanillin, vanillic acid, 4-ethyl = y 
guaiacol, propylguaiacol, eugenol, isoeu . 
-genol, coniferyl alcohol, dihydroconiferyl o ae 
alcohol, ferulic acid, a@-hydroxypropio- 2 


vanillone, guaiacyl acetone, vanilloyl 
methyl ketone, and guaiacyl glycerol 2. 
guaiacol. 


TIME (minutes) 


400 


300 

3 

< Fic. 3. D. 3,4,5-Trihydroxyphenyl- and 

a, 200 syringy derivatives. 

3 1. syringic aldehyde, synap acid, and syr- 
ingoyl methyl ketone, 2. gallic acid, 3. pyro- 
gallol. 

100 
20 40 60 80 100 6120 
TIME (minutes) 
Fic. 3. Oxygen consumption by various substrates in the presence of potato 
tyrosinase. 


However, a striking contrast was found between potato tyrosinase and 
‘the above mentioned two enzymes in the oxidation of guaiacyl- and syringyl 
: compounds; of the guaiacyl- and syringyl compounds used in the experi- 
ment only guaiacol was oxidized at a slower rate, and the other compounds 
‘were not oxidized at all (Fig. 3, C and D, Table 1). 
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Thus, one must conclude that the enzyme obtained from mushroom 
after Vreudenberg’s procedure is a mixture of both laccase and tyrosinase, 
and that the oxidation of monophenols is catalyzed by tyrosinase and that 
of ortho phenols is catalyzed by both tyrosinase and laccase. On the other 
hand, the oxidation of guaiacyl- and syringyl derivatives is catalyzed only 
by laccase, in other words, we have no difficulty in considering that 
Freudenberg’s phenoldchydrogenase is nothing other than a laccase. 


DISCUSSION 


From our experimental results, it became clear that the enzyme acting 
on coniferyl alcohol to produce coniferons lignin was actually laccase. 
Freudenberg (2/), presumed the existence of laccase (phenoldehy- 
drogenasc), the same enzyme as that found in mushroom, in the cambial 
cells of conifers, since the formation of brown pigment was found to be 
caused by the cells in the presence of dihydroxyphenylalanine (DOPA), 
However, the oxidation of DOPA is known to be catalyzed by both tyrosinase 
and laccase (Fig. 2, B and 3, B), and the distribution of laccase in higher 
plants is considered to be limited and the laccase present in the latex of the 
lacqueur trees is rather a exceptional case. Thus, although the oxidation 
of DOPA found by Freudenberg may be able to explain by the action of 
laccase, it would be more reasonably explained by the action of tyrosinase 
which is distributed widely in higher plants. 

On the other hand, lignin is known to be a main constituent of the 
cell walls of higher plants, and also coniferin, a glycoside of coniferyl 
alcohol, in the cambial sap of conifers has been found. o 

Freudenberg et al. (21) demonstrated that the crude enzyme ob- 
tained from young shoots of Araucaria excelsa could effect the conversion 
of coniferyl alcohol into a dehydrogenation polymer, but the yield of the 
polymer could be increased several folds by the addition of hydrogen 
peroxide. Theorell (22) described that in the presence of hydrogen 
peroxide, peroxidase oxidizes the same types of compounds as does laccase, 
and recently Siegel (23) found that phenylpropanes such as eugenol were 
converted into insoluble lignin-like products when incubated with slices of 
embryonic hypocotyl from the Red Kidney bean in the presence of hydrogen 
peroxide. . 

In previous papers, the present author (24) reported that the oxidation 
of coniferyl aldehyde is catalyzed by the enzyme obtained from bamboo-shoot 
in the presence of hydrogen peroxide, that the localization of peroxidase is 
confined largely to vascular tissues of bamboo-shoot in which the lignin is 
being actively deposited, and that the peroxidase attached to the cell wall 
is fairly stable to heat and is very active. The same observation has also 
been made by Siegel recently (25). 

Considering these facts, it may be concluded that the enzymes which 
are responsible for lignin biosynthesis from coniferyl alcohol are most 
probably both laccase and peroxidase, and in view of the fact that the 
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peroxidase but not laccase is widely distributed in the higher plants, it may 
also be inferred that peroxidase plays a main role in lignin biosynthesis as 
has already been proposed in author’s previous papers. 

Moreover, it has been confirmed that the dehydrogenation polymers of 
coniferyl alcohol obtained by the catalysis of both laccase of Japanese 
lacqueur and radish peroxidase have a chemical nature very similar to that 
of coniferous lignin, and that ethanolysis and hydrolysis of both polymers 
lead to the well known Hibbert’s ethanolysis monomers*. Analytical 
results of these polymers in comparison with those of coniferous lignin will 
be reported in detail elsewhere. 


SUMMARY 


The phenol oxidase participating in the biosynthesis of lignin has been 
studied further, and the following facts have been confirmed. 

1. The mushroom phenol oxidase preparation obtained by the method 
of Freudenberg contains a mixture of tyrosinase and laccase, and the 
oxidation of guaiacyl- and syringyl compounds is catalyzed by laccase. 

2, Freudenberg’s phenoldehydrogenase which is responsible for the 
oxidative condensation of coniferyl alcohol can be regarded laccase and not 
a special new enzyme. 


The author wishes to express his sincere thanks to Prof. Dr. I. Kawamura for 
his kind advice throughout this study. Thanks are also due to Prof. Dr. T. Mori of 
the Biological Institute, Faculty of Science, Nagoya University for his encouragements 
during the course of the study. 
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STUDIES ON PROTAMINES 


V. CHANGES OF THE PROTEINS IN THE CELL NUCLEI OF THE 
TESTIS DURING THE FORMATION OF SPERMATOZOA OF 
THE RAINBOW-TROUT (SALMO IRIDEUS)* 


By TOSHIO ANDO AnD CHIEKO HASHIMOTO 


(From the Institute of Science and Technology, 
University of Tokyo, Tokyo) 


(Received for publication, March 14, 1958) 


In a breeding season of the adult rainbow-trout (Salmo irideus), the 
protamine (iridine) prepared from its isolated sperm nuclei has been found 
to hold molecules, each of which consists of one simple polypeptide chain. 
This protamine has a simple amino acid composition, containing arginine 
(90 per cent), serine, glycine, valine, alanine, isoleucine and proline, and a 
molecular weight of ca. 5,000. (J) 

Chemical studies on the protamine (cyprinine) of carp testis connected 
with the biosynthesis of protamine were once attempted by Kossel et al. 
(2). They found that there were a kind of histone (cyprinohistone) and some 
basic peptones together with cyprinine in the immature testis of a carp. 

In the present case of the rainbow-trout, it is a way of approach to 
the course of biosynthesis of the protamine in the testis, to learn when an 
accomplished protamine (irzdine) starts to be formed in the testis cell nuclei. 
It is also necessary for that purpose to study the relation of the protamine 
to nucleic acids and other basic proteins found together therein during the 
period of spermatozoa formation, and to compare the chemical structure of 
the basic proteins with one another on the basis of results to be obtained 
by chemical and enzymic analyses. 

In the present paper, the results are described, which have been obtained 
from such analytical studies on sperm and testis cell nuclei of the rainbow- 
trout collected every month for one year. The results have been confirmed on 
the materials collected through three years. 


EXPERIMENTAL 


a) Material—As described in the previous papers, testes of rainbow-trouts (Salmo irideus) 
were obtained from the fish hatchery of Tokyo city at Okutama, Tokyo**., The testes 


* Presented at the International Symposium on Enzyme Chemistry (Tokyo, October, 
1957) and partly at the 28th and 29th Annual Meetings of the Japanese Biochemical 
Society (Tokyo, November, 1955 and Fukuoka, October, 1956). 

** We are much indebted to Mr. S. Ohuchi, the superintendent of the Okutama 
branch of the Tokyo City Fisheries Experimental Station for the material. 
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were excised from a few trouts of 4 to 5 years old collected at the beginning of every 
month for a year. The material was transported to our laboratory in a container filled 
with natural or dry ice, within three hours after collection. All the treatments described 
below for the isolation of nuclei and the preparation of basic proteins were made at 0 
to 4°, 

b) Isolation of Testis Ce!l Nuclei—This was carried out by the method described in the 
previous paper (/), using Ringer’s solution for fresh-water fish. This treatment was 
done with the utmost care, for the cell nuclei in the immature testes were very unstabie. 
Following up the above process of isolation with photo- and electronmicroscopic observa- 
tions (3), it was seen that the sperm and ce!l nuclei always remained without any apparent 
deformation after initial centrifugation (see Fig. 3). 

c) Preparation of Basic Proteins from the Isolated Nuc’ci—By extracting the isolated nuclei, 
prepared each month, with 0.2 N hydrochloric acid, the basic proteins were obtained and 
precipitated as the picrates. They were fractionated by making use of the solubility 
difference in 67 per cent aqueous acetone and then converted to their sulfates. After 
repeated purification with water and alcohol, the basic protein sulfates ware obtained as 
glittering powder. 

d) Composition Analysis of the Isolated Nuclei a:d Basie Proteins—TYhe phosphorus content 
was determined by the methods of King (#) and Schmidt-Thannhauser (5), and 
arginine content by the method of Sakaguchi (6). The amino acid composition of 
each specimen of the isolated nuclei and purified basic protein sulfates was investigated 
qualitatively and semi-quantitatively. For the identification of the component amino acids, 
10mg. each of specimens was hydrolyzed with 20 per cent hydrochloric acid at 110’ in 
sealed tube for 32 hours, and the product wa; subjected to a two-dimensional paper 
chromatography using phenol-ammonia and butanol-formic acid systems as solvents. 

e) Fractionation of the Basic Proteins—The basic protein sulfates obtained from the testis 
nuclei in October were fractionated into soluble and insoluble parts by applying twice the 
isoelectric precipitation method at pH ca. 10.5 for histone. Each part was further 
fractionated by dialysis using parchment paper to yield two parts. Thus, four fractions 
were tentatively obtained. On the other hand, 2,4-dinitrophenyl (DNP)-derivatives of the 
basic protein .sulsates from the testis nuclei were prepared, and were fractionated to yield 
two parts by utilizing their solubility difference in water. The water-soluble fraction was 
purified by using a column of activated alumina (13 g., |x 15cm.) (7) or calumns of Amberlite 
XE-64 (H-form) and then [R-4B. The DNP-derivative retained in the column, was eluted 
with 0.1 NV hydrochloric acid and then transformed into the sulfate. From the less solub!e 
fraction, the sulfate was also obtained. 

It was found possible by the latter method (the fractionation of the DNP-proteins) 
to séparate tentatively the DNP-basic protein of the protamine (iridine) type from the 
DNP-derivatives of the other types of basic proteins (non-iridine type). Accordingly, the 
DNP-derivatives of the basic proteins obtained in September, November and December 
were fractionated, respectively, into the DNP-proteins of iridine type and of non-iridine 
type by employing the latter method. ‘ 

Sf) Structure Analysis of the Basic Proteins in the Testis Nuclei and Some. Fractions Obtained 
from Them—The DNP-derivatives of the unfractionated basic proteins of sperm- and testis 
cell-nuclei obtained in various months (September-March) and the fractionated DNP- 
proteins of the irid* 2 type and non-iridine type were hydrolyzed respectively by heating 
in sealed tube at 105° for 16 hours with 20 per cent hydrochloric acid or 10 hours with 
35 per cent hydrochloric acid. DDNP-amino acids yielded were identified and determined 
by means of two-dimensional paper chromatography according to Lev y (8). Furthermore, 
the amino acids were cofirmed by regeneration through ammoniacal decomposition of the 
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eluates of the spots on the paper. 

On the other hand, the absorption spectrum of a purified DNP-basic protein of iridine 
type was determined, and from the result the N-terminal residue of the basic protein was 
identified, and its molecular weight was estimated according to the method previously 
reported (7). 

In order to compare the C-terminal residues of these basic proteins, carboxypeptidase* 
and an enzyme fraction** containing basic carboxypeptidase besides, as described in the 
previous paper (/), were used for the unfractionated basic proteins in October and 
November. The enzymes were treated with DFP (diisopropyl fluorophosphate) just prior 
to the use. 

Peptic digestion of iridine obtained in March and the basic proteins during September 
to December, was made at pH 2.1 in a 0.02 per cent pepsin (Sigma Chem. Co.) solution, 
respectively. The products were investigated for the increase in amino groups by ninhydrin 
method and for the N-terminal residues by DNP-method. 

g) Isolation and Identification of the Amino Acids and the Basic Peptides Contained in 
Testis—The testes obtained in August-March, were extracted with 60-80 per cent alcohol, 
respectively. After being dried, the extract was desalted. The amino acids thus obtained 
were identified by a two-dimensional paper chromatographic methd. 

From the supernatants obtained, when the sperm- and the testis cell-nuclei were 
isolated, the basic peptides were precipitated as phosphotungstic acid salts, from which 
the peptides were obtained according to the method of Felix et al. (9). 


RESULTS AND DISCUSSION 


Average weight of each fresh testis obtained from 4 year old rainbow- 
trouts during June-August (forming fibrous tissue) was ca. 1 g. and it increased 
rapidly to ca. 15g. from August to October (forming completed testis). No 
more increase was found in the weight of testis after October, until the 


aS 


Fic. 1. A photomicrograph of sper- Fic. 2. An electronmicrograph of sper- 
matozoa and germ cells in an immature matozoa and germ cells in an immature 
testis (October) of a rainbow-trout 4 years testis (October) of a rainbow-trout 4 years 
old, stained with acetocarmine. old. 


* Prepared and made to act upon the basic proteins by Dr. To bita in our laboratory. 

** Obtained by Dr. Tobita in this laboratory in the course of the preparation of 
carboxypeptidase and shown to contain basic carboxypeptidase besides, using carbobenzo- 
xyglycyl-L-arginine as substrate. 
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breeding season is over. The conspicuous morphological features of sper- 
matozoa and germ cells in an immature testis (during a spermatozoon-forming 
season, June-December), were observed by means of a photo- and an electron- 
microscope*. The typical micrographs are shown in Figs. 2 and 3. Few 
germ cells were found in testes obtained in June, July and August, but it 
was seen that they multiplied rapidly in each testis in September. Besides 
germ cells, spermatozoa were found to be already formed in October. 


Fic. 3. A photomicrograph of nuclei isolated from an 
immature testis of a rainbow-trout 4 years old obtained in 
November, stained with acetocarmine. 
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Fig. 4. Yield (22) of isolated nuclei (@) and of basic protein 
sulfates (x) per one fresh testis. 


While very little formation of new germ cells was found in November, 
the formation of spermatozoa from spermatids was observed. Only sper- 
matozoa were found in a testis obtained in December, when the spermato- 
genesis was presumably completed. 


* We are indebted to Mr. S. Sakata in the laboratory of Electron Microscopy, Tokyo 
University for the photo- and electronmicroscopic techniques. 
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TABLE I 


Composition of Isolated Testis Nuclei) 


533 


NP ull 'eully N/PSIPNA.P”| Arg) 4 [.PsAre dy ot oleins 

Siege ey] oz % | 6 [9% 
Septowiy lerl! . 31901 WSOoilheOr2iel «12. Arlid 20.7 hy 226 
Oct le: roltraz ot L4 1a) ose) ale \eloettOnlgers34 
Nov 196i eseada) oder ordgibliesed} NAIA bboe 23 
Decrr(eyerain elo ested ie dios) tgoventlbpraiael of Se 
Feb. 20, Gees Secs] Aor Ui eofort | 5195 Hrilr econ ness 
Mar. MMo060" Sree iimigtet ilo. o7 iggi, Wi rela P3849 


i 


Residue of 
acid 
extraction 


1) Values are given in percentage of weight of dried isolated nuclei. 


2) Obtained by Kjeldahl’s method. 
3) Obtained by King’s method (4) andSchmidt and Thannhauser’s 
method (5). 
4) Obtained by Sakaguchi’s meihod (6). 


TABLE II 
Changes in the Amino Acid Cémpesiticn” of Isolated Testis Cell Nuclei from 


4-5 Year Old Rainbow-Trout during the Formation of Spermatozoa 


| (June)” | (Aug.)?} Sept. Oct. 
Total — — 16.4 18.7 
N (% 
Arg +t + a 
Snr 
Leus tt tt tt He 
Thr = — - + 
Lys +t +t +e 1. 
Glu + | tt ALE tL Tt 
Asp t+ | + | + | + 
His ? + aie 45 
Tyr = = aie = 
Phe = = ais 4 
(cys | + | + | + | + 


LeHEE Het ete SIG 


Jan., Apr. 

Hees | Mar. | May 

18.8 20:27) 2002 

20.6 | 19.5 
Ht tte) St eae 
He Te) | (abet: 
ot ge ie aie 
|e ck be 
+ | + | ot 
Ft bot ae ee 
+ + + 
ae i = 


| 


1) The following amino acids were always found besides those shown in this 
table: Gly, Ser, Val, Ala and Pro, each in an amount to be shown as Ht or +. 


Try was absent throughout these months. 


+ or — shows relative color yield by 


ninhydrin reaction on a two-dimensional paper chromatogram (phenol-0.1 per cent 
NH, and butanol-formic acid system) per hydrolysate of a unit weight of protein. 
2) A dried testis was uscd for analysis, instead of isolated nuclei. 


3) The spot of cystine is somewhat uncertain. 
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As shown in Fig. 4, neither sperm nuclei nor testis nuclei could practically 
be isolated from the testes obtained in June-August, but it was recognized 
that these nuclei multiplied rapidly with the enlargement and maturation 
of a testis in September-November. 

The results of the composition analyses of these isolated nuclei are 
shown in Table I and IJ. Nitrogen, phosphorus and arginine contents 
increased gradually, the ratios of N/P decreased from 5.0 to 3.6, and those 
of P/Arg from 1.5 to 1.0, with the maturation of testis. They gave nearly 
constant values respectively after November. The presence of phosphorus 
of pentosenucleic acid (PNA) in addition to that of deoxyribonucleic acid 
(DNA) was found in isolated nuclei obtained in September and October, but it 
decreased more and more with the maturation of the testis. Finally, only 
phosphorus of DNA could be found in the nuclei after November. As for 
the amino acid composition per un‘t weight of isolated nuclei in every 
month of one year, a marked increase was f und in the amount of arginine 
with the testis maturation, whereas some other components, cystine*, phen- 
ylalanine, tyrosine, histidine, threonine and lysine descreased and disappeared 
in that order. 


TABLE III 


Changes in the Amino Acid Composition) of Basic Proteins in Isclated Testis Nuclei 
from 4-5 Year Old Rainbow-Trout during the Formation of Spermatozoa 


Sept. Oct. Nov. Dec. (b)” | Dec. (a) Jan.-Mar. 
2025 - 22.6 23.0 
185 + tH Ht tt 
nS th th tr ar 
Ala tt Ht Ht ab = - 
Leus Ht itt + +t + + 
Thr + ++ sts - — = 
Lys + tt ein _ + = 
Yoh 
Glu + +: + +. aa = 
Asp + + + + _ — 
His “te + Gas _ = = 
Tyr + + _ aa a = 
Phe + ab = = = = 
(Cys)? oh + + — a a 


1) In addition to these amino acids, Gly, Ser, Val and Pro were plvare erent 
(H+ or ++). Try was absent. + or —: see the footnote of Table II. 


2) The basic proteins obtained from the less soluble pcrates in 67 per cent 
aqueous acetone. : 


3) The spot of cystine is somewhat uncertain. 


*-See the footnote of Table II, 
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The yield, nitrogen content, and amino acid composition of the basic 
proteins, obtained from the isolated testis nuclei, are summarized in Fig. 4, 
Tables I and III, respectively. Quantitative amino acid compositions of 
the basic proteins prepared from the isolated sperm nuclei in a breeding 
season were shown in the previous paper (J). The amount of the basic 
proteins per one testis increased with the increase in the yield of isolated 
testis nuclei and nucleic acid content, as indicated by the phosphorus value. 


TABLE IV 


Fractionation and Amino Acid Composition’) of the Basic Proteins” 
in Testis Nuclei Obtained in October 


| Seat ae Isoelectric precipitation-dialysis method 
DNP=; || DNP- | Non-protamine type | . ; 
Protein of | Protein 6f| _protein Protamine type protein 
tae Sadie (histone-like) 

type yaa a b c d 
Yield® (22) 44.4 49.6 10 10 38 5 

Total N (2) -- == 18.3 20.8 ALAS: Ze 

Arg (26 -- 81.6 24,2 ae 2 84.5 
Arg it Ht itt Ht tt it 
+h + ui 
Ala ttt + tH Ht oF + 
Leus tt iz tt Hb +t ar 
Thr +t = tt +H “f= ? 
Lys ae = Ht Ht te st 
Glu ++ = te ae a a 
Asp +t = ih + + ~ 
His ct = a Ge ae ee 
Tyr + - aoa + +- i 
Phe 3h = ++ ae =f = 
(Cys) + — + ae + = 


1) In addition to these amino acids, Gly, Ser, Val and Pro were always pre- 
sent (t+ or 4). Try was absent. + or —: see the footnote of Table I. 

2) These materials are the fraction (yield: 51 per cent of the total basic 
protein) easily soluble in 67 per cent aqueous acetone and separated from the total 
basic protein picrate, which was prepared from the isolated testis nuclei in October, 
1954. 

i 3) Yield of the fraction per basic proteins used. 
¢ 4) The spot of cystine is somewhat uncertain. 


However, these basic proteins were so heterogenious that they were separated 
into several fractions by the following three methods: (1) The utilization 
of the solubility difference of their picrates in 67 per cent aqueous acetone, 
(ii) the precipitation at the isoelectric point of histone followed by dialysis 
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with parchment paper (as shown in Table IV), and (iii) the utilization of 
the solubility difference of the DNP-derivatives of the basic proteins in water 
(see Table IV). The basic proteins obtained each month increased from 
15 per cent to 23 per cent in nitrogen content with the maturation of 
spermatozoa formation (Table III). As to the amino acid composition per 
unit weight of the basic proteins, contrary to the evident increase in arginine 
with the maturation, phenylalanine, tyrosine, threonine, histidine, cystine, 
glutamic acid, aspartic acid and lysine decreased and disappeared in that 
order. Finally, during the breeding season, the basic proteins of the isolated 
nuclei were found to change into protamine (iridine), which has a simple 
amino acid composition shown in Table III (January-March). These 
changes, as indicated above, showed the same tendency as those of isolated 
nuclei. 

From these results, it may be concluded that the basic protein multiplies 
with the DNA of the nucleoprotein in the cell nuclei of a whole testis from 
August to October. After that, very little multiplication of DNA in the 
whole of the testis was apparently recognized, but there was found a rapid 
increase in the basic protein, protamine, which contains great quantities of 
arginine as residues capable of combining with the phosphorus residues of 
DNA. 

The four fractions separated from the basic proteins in the testis nuclei 
obtained in October, by means of precipitation at an isoelectric point of 
histone and dialysis as shown in Table IV, had some differences in nitrogen 
and arginine contents, and amino acid compositions, but no satisfactory 
fractionation was expected. By another method, however, making use of 
the solubility difference of the DNP-basic proteins in water, DNP-basic 
protein of iridine type which had the same amino acid composition as 
iridine itself in a breeding season, could be fractionated from the other 
DNP-basic protein of non-iridine type. Hence, by the same method, the 
iridine type and the other type proteins were fractionated as their DNP- 
derivatives from the basic proteins obtained each month except October. 
The results obtained are summarized in Table V. It was found that, of 
these basic proteins, the iridine type protein increased, while the non-iridine 
type one decreased with the maturation of the formation of spermatozoa. 
Furthermore, the majority of the basic proteins in December consisted of 
protein of iridine type, and it had a behavior similar to iridine in January- 
March. It is considered that a biosynthesis of iridine as revealed by chemical 
evidences was parallel to the maturation in forming spermatozoa observed 
by microscopy. 

On applying DNP-method it was pointed out, that the N-terminal 
residues of the unfractionated basic proteins, obtained each month, were 
alanine and a little proline in September, both alanine and proline in 
October, proline and a little alanine in November, and only proline after 
December (see also Table V). Besides, e-DNP-lysine was identified in the 
hydrolysates in every period of the time of immaturity. There is only a 
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TABLE V 


Structure Analysis and Fractionation of DNP-Derivatives of the Basic Proteins 
Ottained in Various Months from Testis Nuclei of Rainbow-T rout: 


| 
| 


| As DNP-amino acid As DNP-basic protein” 
N-Terminal Other deriv. Iridine type” Nome ees 
% 2 
Sept. Ala, (Pro)®) é-DNP-Lys 0 98 (98) 
Oct. Ala, Pro ¢-DNP-Lys 26 (50) 71 (44) 
Nov. Pro, (Ala)®) e-DNP-Lys 50 (61) 36 (22) 
Dec. Pro (s-DNP-Lys)°) 86 (87) 5 (5) 
Jan <. \ Pro — 89 0 
Mar. Pro — 90 0 


1) Approximate yield of the DNP-derivative of iridine type or other type pro- 
tein per total basic proteins obtained from isolated sperm and testis nuclei. 
Parenthesized values show the yield of each DNP-protein per basic proteins used. 

2) All the N-terminal residue of this type protein was found to be proline. 
See also the description in the text. 

3) Parenthesized amino acid or its derivative was detected only in slight 
quantity. 


. little e-~-DNP-lysine in December, and none of it was found from January 
to March. It was also found that all the N-terminal residue of the iridine 
type protein fractionated in October-March by the above treatment was 
occupied by proline, while that of the non-iridine type protein, by alanine 
and proline. From the studies of the absorption spectrum of each DNP- 
iridine type protein, its N-terminal residue was identified as proline and its 
molecular weight of ca. 5,000 was estimated. It was also found to contain 
82-84 per cent of arginine in the DNP-protein. 

As for the C-terminal residues of the basic proteins, results have been 
obtained which support arginine as the greater part of the termini. As 
shown in the previous paper (J), the greater part of the C-terminal residue 
of iridine, obtained from trouts of 5 and 2 years old in a breeding season, 
was found to be occupied by arginine by the hydrazinolysis method (release 
of ornithine) and the digestion with DFP-treated carboxypeptidase (no 
release). When the basic proteins obtained in October were incubated with 
DFP-treated carboxypeptidase, they were also found to be entirely resistant 
to the enzyme*. In order to assure the result, an enzyme fraction, which 
was prepared from beef pancreas and shown by Dr. Tobita in our 
laboratory to contain basic carboxypeptidase besides carboxypeptidase, was 
also used for the digestion. When the basic proteins obtained in November 


* The carboxypeptidase digestion experiment was kindly made by Dr. Tobita in 
ouf laboratory. Details will be later reported by him elsewhere. 
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were incubated with the enzyme fraction treated by DFP, it was found that 
only arginine was released from the proteins at the incubation periods of 
2, 8 and 24 hours, as in the case of iridine obtained in March. Detailed 
description on the nature and the action of the enzyme fraction upon pro- 
tamines will be fully given later by one of the present authors (T.A.) 
and Tobita. 

For the purpose of comparing the behavior of the basic proteins towards 
protease, those obtained during September to December, and in March, were 
incubated with pepsin for 12 and 24 hours (48 hours also for the protein in 
March). Iridine in a breeding season and the basic proteins in December 
were both resistant to the enzyme. In contrast, the basic proteins during 
September-November were hydrolyzed to some extent, shown by the in- 
vestigation of the amino groups and the N-terminal residues appeared in 
the digest and also of the yield of the pepsin resistant core, as summarized 
in Table VI. These details will be later discussed elsewhere. 


TABLE VI 


Analyses of Peptic Digestion Products of the Basic Proteins 
Obtained in Various Months 


Peptic digestion prcduct 


erin 
Increase in hii tas 
ninhydrin N-Terminal residues e 
amino groups 
Mole/\08 g. 
protein % 
Sept. 1.9, Ala>Lys> Asp, Phe>Ser, 28 
Leus, Val, Thr, Tyr | Pro 
Oct. 0.4, Lys>Asp, Ser>Phe> 7} 64 
Thr>Ala>Leus, Val | Pro: 
Nov. 0.2, Ala, Ser | Pro 90 
Dec. -- Pro i — 
Mar. 0.03 Pro 105 


1) The digestion was carried out by incubating with pepsin for 24 
hours at 37°. 


2) ‘These products were obtained as sulfates. 


As for the amino acids contained in a free state in one testis each 
obtained in August-March, all of the amino acids proved in the non- 
protamine type protein were found, but the total content was very small 
(0.07 per cent) in quantity per one fresh testis. It is of interest that the 
free arginine was especially small in quantity as compared to other amino 
acids, and that the basic peptides in a free state, containing arginine at least, 
amounted only to ca, 0.01 per cent of one fresh testis and appeared to be 
very small ones. 

From these results, it is inferred, that while the basic protein of testis 
nuclei in a breeding season has been shown in the preceding paper (/) to 
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consist of only iridine, all the iridine type protein, fractionated from the 
basic proteins obtained from October through December, also has probably 
the same chemical structure as that of iridine. But it may be considered, 
that non-iridine type protein is a mixture of a variety of basic proteins 
containing lysine besides arginine. 

For the purpose of approach to the course of biosynthesis of the pro- 
tamine in the testis cell nuclei, still many studies are needed from various 
points of view. 


SUMMARY 


1. In order to obtain information concerning the biosynthesis of nucleo- 
protein in cell nuclei of a testis during the process of spermatozoa formation 
of a rainbow-trout, compositions of sperm- and cell-nuclei, isolated from 
testes obtained in every month of one year, and those and the chemical 
structures of the basic proteins prepared trom these nuclei were studied tor 
three years. 

From the results, it was inferred that during the season of rapid 
multiplication of testis cells (from August to October), both the basic proteins 
(mostly proteins of non-protamine type) and the DNA seem to be increased 
in the same period in the whole of testis nuclei. PNA was also found to 
appear in the same season, but it decreased and disappeared with the 
maturation of the testis. After that, with the maturation in spermatozoa 
formation (from October to December), no apparent increase in DNA was 
seen in testis nuclei. At that time, while the proteins of the non-protamine 
type in the nuclei decreased and disappeared, the protein of the protamine 
type which contains an equivalent quantity of arginine to combine with 
the total phosphorus residues in DNA, was found to increase gradually. 

2. Formation of the iridine type protein (protamine) in the testis nuclei 
as revealed by chemical analyses and enzymic investigations, was found to 
run parallel to the maturation in spermatozoa formation, which was observed 
by means of photo- and electronmicroscopes. It was also recognized, that 
all the protamine type protein fractionated from the basic proteins in the 
testis nuclei in every month from October to December, has presumably 
the same chemical structure as that of an accomplished protamine, iridine, 
obtained during a breeding season. 


The authors are indebted to Dr. N. Ui for his valuable suggestion in treatment of 
histone, and to Drs. M. Yamasaki and T. Tobita in this laboratory for their kind 
advice in.enzymic digestion. The expense of this work was aided in part by the Scientific 
Research Grant from the Ministry of Education, to whom the authors are grateful. 
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In a previous report from this laboratory, one of the present authors 
(Morita, (/)) showed that the cells of Rhodopseudomonas palustris perform, 
in the absence of carbon dioxide, a process of photochemical assimilation 
of pyruvic acid under anaerobic conditions. Experimental evidence has 
been marshalled for the occurrence of the reaction: 


CH,;COCOOH +1/2 H,O eres 5/2 (CH;,O)+1/2 CO, 
light 


which is different from the ordinary process of bacterial photosynthesis, in 
which various organic substances (including pyruvate) function as hydrogen 
donors for the reduction of carbon dioxide. 

The present work is concerned with the action spectrum of this photo- 
chemical process as compared with that of authentic photosynthetic process 
(using propionic acid as the hydrogen donor) which has been known to 
involve the action of bacteriochlorophyll as the photo-catalyst (2). 


METHODS 


Pacterial Cells—A strain of Rhodopseudomonas palustris, originally isolated and in continual 
use in this laboratory, served as the test organism. The bacterium was grown in a peptone- 
lactate medium, containing 0.5 per cent peptone (“Kyokuto”) and 0.5 per cent lactic acid. 
After 72 hours of culture at 27’ under continuous illumination (about 3,000 lux), the cells 
were harvested and washed several times with water. 

Optical Equipment—Monochromatic lights were obtained by the use of interference 
filters in combination with appropriate sets of colored glass filters. The light from a I kw 
incandescent lamp was passed through a 5cm. layer of water, two sheets of colored glass 
filter, and, finally, an interference filter, mounted in front of the glass window of a water 
thermostat (Fig. 1). In each experiment, the position of the incandescent lamp was adjusted 
so as to give an incident light of 2x 103 erg/sec. cm?, a level which had been ascertained, 
with all wavelengths studied, to be sufficiently low to give a linear proportionality between 
the light energy and the physiological activities to be investigated. The light intensity 
was measured at the position of the test vessel (see Fig. 1) with a Kipp thermopile, model 
E 2, which had been calibrated with a Standard Lamp, C-597, of the U.S. Bureau of 
Standards. The spectral characteristics of the monochromatic lights obtained with various 
combinations of the filters are shown in Table I and Fig. 2. 
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ET Geale 
A: incandescent lamp (1 kw) 

B: Roux’s flask with circulating water 
C: filter system 

D: glass window of water thermostat 
E . 

F 

G 


Assembly of apparatus, side view. 


: test vessel 
fF: water thermostat 
thermometer 


H and I: inlet and outlet of thomostated water. 


TABLE I 
Monochromatic Lights Used in the Experiments 


| Combination of filters 
Notations : Maximum 
used Glass Glass Interference transmittance 
in Fig. 2 filter filter filter at 
“ Toshiba ” “ Baird ” “ Baird ” 
V-V2-1 
A | V-V2-2 — — 395 mu 
B | V-B3A-1 Bl V-41 2-136 455 
Cc Pe VEV isl B6 V-462-151 510 
D | V=GIA2 yo V-358-122 534 
E | V-GIA-1 Y5 V-361-123 552. 
F IRO-1B-2 Y3 7-5189-6 597 
G IRO-1B-1 R6 7-5177-1 645 
H IRO-1B-2 R3 V-51 702.5 


“3s 


> 
6) 
iva 
w 
Z 
lu 
— 
z 
< 
a 
_ 
a 
400 500 600 700 
WAVE LENGTH ( mu) 
Fic. 2. Monochromatic lights used in the experiments. 


The notations A to H correspond to the various combinations of 
filters listed in Table I, 
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Measurement of Photochemical Processes—-The bacterial suspension was placed in vessel 
(35 ml. in capacity and 16mm. in thickness) with a tight-fitting rubber stopper carrying 
a glass tube for the removal and exchange of gas (sce Fig. 1). Usually, 25 to 40 mg. (on 
a dry weight basis) of washed bacterial cells were uscd per vessel. The composition of 
the basal reaction medium was the followiny: 1 ral. bacterial suspension, 4ml. M/5 
phosphate buffer (pH 7.0), and 19ml. water. In the determinations of pyruvic acid 
assimilation and photosynthetic reaction, 1 ml. each of M/4CO sodium pyruvate and M/5 
sodium propionate solution, respectively, were added to 24 ml. of the basal medium. In 
both series of experiments, the gas space of the vessel was filled with nitrogen; to 
secure the strict anaerobic condition, a small piece of white phosphorus was hung with a 
wire in the gas space under the rubber stopper. All tests were run at 27°. 

In the experiment of photochemical assimilation of pyruvate, the reaction was started 
by introducing, with an injection syringe, | ml. of the solution of sodium pyruvate through 
the rubber stopper, and at the same time the light was turned on. After a reaction period 
of 60 minutes, the reaction was stopped by injecting 5 ml. of 20 per cent trichloracetic acid, 
and the amount of pyruvic acid in the reaction mixture was determined by Friedman 
and Haugen’s method modified by Shimizu (4). 

Photosynthetic activity was measured by determining the amount of C'#O, assimilated 
in the presence of propionic acid as the hydrogen donor. The reaction was started by 
injecting—simultaneously with turning on the light—l ml. of M/5 sodium bicarbonate 
solution (C'* labeled) into the test vessel containing the reaction mixture described above. 
After blocking the reaction with 5ml. of 20 per cent trichloracetic acid solution, the cells 
were collected by centrifugation, dried, and the radioactivity of assimilated carbon was 
measured with a Geiger-Miller counter. 


RESULTS AND DISCUSSION 


The action spectrum obtained for the process of photochemical assimila- 
tion of pyruvate and that for the photosynthetic activity are presented in 


PYRUVIC ACID CONSUMED 


400 500 600 700 
WAVE LENGTH ( mp) 


FIG. 3. Action spectrum of photochemical assimilation of pyruvate. 
For the unit of relative activity, see text. 


Figs. 3 and 4. For comparison the absorption spectrum of the living cell 


suspension was also measured (Fig. 5). 
In Fig. 3, the relative activities at different wavelengths are expressed 
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in percentage of the activity observed at 598 mp, which is indicated by an 
asterisk on the curve. The photosynthetic activity in Fig. 4 is presented as 
the amount of C" assimilated by | mg. dry weight of the bacterium in a 


CARBON DIOXIDE FIXED (c.p.m.) 


400 500 600 700 
WAVE LENGTH ( mp) 


Fic. 4. Action spectrum of photosynthetic CO, assimilation in the 
presence of propionate. 


The photosynthetic activity is expressed in terms of radioactivity 
of incorporated C!4 per mg. dry weight of bacterial cells in 60 minutes 


at 27°. Bacterial cell: 25.7 mg. per vessel. Gas space was filled with 
nitrogen. 


0.4 


0.2 


400 500 600 700 
WAVE LENGTH ( mp) 


FIG. 5. Absorption spectrum of intact cell of Rhodopseudomonas 
palustris suspended in water. 

Bacterial cells: 0.1 mg. dry weight per ml. suspension. Length 
of light path: 10mm. A sheet of oiled filter paper was attached 
between the suspension and photocell according to the method of 
Shibata (3). Shimadzu spectrophotometer Type QB-50 was 
used. 


light period of 60 minutes. 


It is apparent from these results that the two action spectra obtained 
are identical in showing a distinct peak at about 600 my, and a minimum 
‘ a ’ Vea . 
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TABLE II 


Photochemical Assimilation of Pyruvic Acid Occurring at 
Different Wavelengths 
Experiment No. 10 


vende a Wavelength Fae Pyruvate ier uacace 
‘ applied (mu) the medium er assimilation 

(uM) ei (26 

A 395 1.63 0.87 87 

B 455 iO 0,63 63 

D 534 D5) 0.25 25 

E 552 1.94 0.56 56 

F 597 1.50 1.00 100 

H 700 1,82 0.68 “68 

Dark = 2-50 0.00 0 


Bacterial cells: 39mg. dry weight per vessel. Initial amount of pyruvate in the 
medium, 2.5 uM. Reaction period, 60 minutes. For further details see text. 


at about 540my with a steady uprising towards the shorter wavelengths. 
These spectra are similar to the absorption spectrum of bacteriochlorophyll 
(see, for example, Goodwin (5)), but are different, in some important 
point, from the absorption spectrum shown by intact bacterial cells. Intact 
bacterial cells show a maximum at 590 my, which is due to bacteriochloro- 
phyll and conceivably corresponds to the maximum at 600 my in the above- 
mentioned action spectra. However, intact bacterial cells show an assembly 
of absorption bands in the region from 460 to 550 my with a maximum at 
500 my, which is entirely lacking in the action spectra. Obviously these 
absorption bands are due to the carotenoid pigments contained in bacterial 
cells. It may, therefore, be inferred that bacteriochlorophyll, but not carotenoid 
pigments, participates in the two photochemical processes investigated. The 
coincidence of the action spectra of the two processes points to the function- 
ing of one and the same photochemical machinery in them. The question 
as to by what mechanism the photochemical metabolism of pyruvate is 
related to the process of carbon dioxide assimilation is left open to further 


investigations, 


SUMMARY 


1. Rhodopseudomonas palustris has been known to perform, besides typical 
bacterial photosynthesis, a process of photochemical assimilation of pyruvate 
»under anaerobic conditions. Using monochromatic lights of different 
wavelengths, the action spectra of these two processes were measured. 
2. The two action spectra obtained were identical in showing a distinct 
peak at about 600my and a minimum at about 540 mu with a steady 
uprising towards the shorter wavelengths. - 
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3. By comparing these spectra with the absorption spectrum of intact 
bacterial cells, it was inferred that in the mechanisms of the two processes 
investigated, bacteriochlorophyll, but not carotenoid pigments, is involved 
as the photo-catalytic agent. 


The authors’ best thanks are due to Prof. H. Tamiya for his helpful guidance and 
encouragement throughout this work. The authors are also indebted to Prof. A. Takamiya 
for his kind advice and to Dr. M. Nishimura for his able techical suggestions. The 
present work was supported by a grant from the Ministry of Education, which is gratefully 
acknowledged here, 
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Recently crystallization of cytochrome c was reported from several 
laboratories. Bodo was the first to report crystallization of cytochrome c 
using ammonium sulfate (/). He prepared cytochrome c from an unusual 
source, 7.e. muscle of king penguine. Hagihara and others in Okunuki’s 
laboratory succeeded in the crystallization of the cytochrome from more 
convenient sources, such as baker’s yeast and heart muscle (beef, pig or fish) 
and the procedures were reported in detail (2). ‘Their method is quite re- 
producible and the present authors also have succeeded in the crystallization 
of yeast cytochrome c. 

In the course of our studies on the sructure of cytochrome c, the pre- 
paration of the pure protein on a large scale was intended. ‘The authors 
have tried to prepare the cytochrome from whale heart muscle, as large 
amounts of frozen whale heart are obtainable in Japan. The cytochrome 
was obtained in crystalline form by the slight modification of the method 
according to Bodo or Hagihara eal. The following procedure was 
adopted for the preparation. 

Minced whale heart was extracted with 0.1 N sulfuric acid (1 liter acid 
solution per kg. of the mince) and, after neutralization and dilution (about 
three fold), the extract was directly treated with Amberlite IRC 50 (NH,* 
form). For the treatment of large volumes of the extract, the authors used 
a funnel with sintered glass filter (diameter; 12cm.) and the rate of flow 
was enhanced by suction. By this procedure, more than 100 liter of the 
extract could successfully be treated in a comparatively short time. After 
elution with ammonium sulfate solution, the cytochrome was precipitated 
by using ammonium sulfate and trichloroacetic acid. ‘Then the protein was 
purified by the IRC 50 chromatography according to the method of 
Boardman and Partridge (3) and concentrated by using the same 


jion-exchanger. 
The concentrated solution (more than 5 per cent) was brought to pH 
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9 with ammonia water and reduced by minimum amount of cysteine. The 
fine powder of ammonium sulfate was added to the solution until it became 
somewhat turbid (about 0.9 saturation) and then cooled in a refrigerator. 
The crystals were formed within several days (Fig. 1). 

The cytochrome c of whale heart muscle was easy to crystallize as 
compared with that of cquine or bovine heart. However, it had a dis- 
advantage that a large amount of myoglobin in the sulfuric acid or 
trichloroacetic acid extract disturbed the purification. Furthermore, the yield 
was poor (about | g. of pure preparation per 50kg. of mince). The content 
of cytochrome c in whale heart was small as would be anticipated from the 


Fic. 1. Crystalline cytochrome c of whale heart muscle. 


data of Drabkin (4) that there is an inverse relationship between the 
cytochrome c content per unit mass of different species and their body size. 
Accordingly, whale heart was proved to be inadequate for the large scale 
preparation of cytochrome c. 

Paper electrophoresis at various pH’s, ion exchange resin chromatography 
at various cation concentrations and pH’s, determination of iron content, as 
well as the C-terminal determination (5) revealed no distinct difference 
between the cytochrome of whale heart muscle and other samples of mam- 
malian cytochrome c (beef or horse). 


The authors express their thanks to Prof. 8. Akabori end Prof. H. Yoshikawa 
for their interests during this work. Thanks are also due to Prof. K. Oku nuki for his 
kindness to allow one of the authors (K. Titani) to get the experience of the prepara- 
tion of cytochrome c at his laboratory. The authors acknowledge the gift of frozen whale 
heart by Kyokuyo Whaling Co., Ltd. 
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